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Art. I—Notice of Microscopic Forms found in the soundings of the 
Sea of Kamtschatka—with a plate ; by Prof. J. W. Batney. 


In the American Journal of Science, vol. xxi, p. 284 an 


account was given of some of the results of the microscopic 
examination of the soundings obtained in the sea of Kaeniashatlin 
by Lieut. Brooke of the U.S. Navy. These soundings which 
ranged from 900 fathoms to 2700 fathoms in depth are, as was 
stated (1. c. p. 284), very rich in the siliceous remains of Diatoms, 
Polycistins, and —— but have yielded no traces of the 


calcareous shells of the Polythalamia. perfect agreement was 
also found to exist in the nature of their organic contents, almost 
every species noticed having been found, and in about equal 
abundance, in each of the soundings. The only difference no- 
ticed was in the proportion of the mineral matter, which was 
least in the deepest soundings. 

The organic contents of the above mentioned soundings as far 
as they have been determined are given in the following list. 
The species distinguished by a star are believed to be new and 
are described in the subsequent pages. 


List of Organic Forma found in the soundings of the Sea of Kamtschatka. 
DIaTOMACEAE, 
Actiniscus Sirius, Zhr. Denticella aurita Fhr., fig. 26 to 28. 
*Asteromphalus Brookei B., fig. 1. Dicladia Mitra B., fig. 6. 
*Chaetoceros furcillatum B., fig. 4. Dictyocha Speculum Fahr. 
*Coseinodiscus borealis B. *Dictyopyxis cruciata Khr. 
crassus B, Gallionella sulcata Zhr. 
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*Coscinodiscus eccentricus Kahr. Gyrosigma 

— lineatus Rhizosolenia hebetata B,, fig. 18, 19. 

{ . Oculus Iridis Zhr, Syndendrium Diadema, several varieties. 
subtilis Zhr. Pinnularia peregrina 

*Cyclotella pertenuis B. Synedra 

Denticula? lauta B, Triceratium. ——— ? 


Inrusorta, Rutzoropa? 
*Cadium marinum B.,, fig. 2. Difflugia? marina B., fig. 7. 


veer apr ? borealis B., fig. 3. *Halicalyptra? cornuta B., fig. 13, 14. 
Cornutella clathrata 8 profunda *Haliomma? pyriformis B., fig. 29. 

Phr., fig. 23. *Lithebotrys inflatum B., fig. 15. 
*Cornutella annulata B., fig. 5, a, b. *Perichlamidium venustum B., fig. 16, 17. 
*Dictyophimus! gracilipes B., fig. 8. *Stylodictya stellata B., fig. 20. 
*Eucyrtidium aquilonaris B., fig. 9. *Eucyrtidium hyperboreum B., fig. 10. 

cuspidatum B.,, fig. 12. turgidulum B., fig. 11. 


Spongolithis acicularis Zhr. *Spongolithis clavata B. fig. 21. 
aspera Hhr. uncinata Lhr. 
clavus orthogona B., fig. 22. 
PoLyTHALAMIA. 


Not even a fragment of any of the Polythalamia has been detected by me in 
these soundings. 


Description of the new species referred to in the above list. 


\ Asteromphalus Brookei B. Pilate I, fig. 1. Discs slightly con- 
j vex; umbilical rays (7 to 13 or more), flexuose, some simple 
| others branched, or two or more uniting before reaching the 
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centre. 
Diametert 2™ to 4™, (=-002” to 004”). 
This is a very beautiful species which I take pleasure in dedi- 
cating to Lieut. Brooke of the U. S. Navy, who by means of his 
ingenious device for obtaining deep sea bottoms, has added this 
— and many other interesting forms to the treasures of the micro- 
“2 scopist. This species appears to be distinguished from any of the 
tl Antarctic species described by Ehrenberg, by the branched char- 
' acter of a portion of its umbilical rays. The number of rays in 
my specimens varies from seven to thirteen, but specimens differ- 
i ing in the number of rays agree so closely in every other charac- 
ter that I do not believe that the number of rays is a character of 
specific importance in this genus, and the same remark will apply 


} to the allied forms of Asterolampra, Heliopelta, Actinoptychus, 
Actinocyclus, 

i The genus Asteromphalus may reach its maximum in the 

1 polar seas, having been found by Ehrenberg to exist-in great 

\ 4 * Ehrenberg refers the silicious spiculae of sponges to Phytolitharia, but the 

q animal nature of sponges now appears to be generally admitted. 


_— + The micro-unit which I employ is +,4,5th of an English inch, and I express 
a the dimensions in integers and fractions of this unit, thus -00325”’. 
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abundance in the Antarctic ocean, but it is not confined to high 
latitudes, as a species occurs in considerable numbers in soundings 
from the Gulf of Mexico, and from the Gulf Stream. 

CapIuM, nov. gen. Animal unknown (a Rhizopod?). Shell 
siliceous! ovoidal, with a bent beak and circular aperture. 

Cadium marinum B. P\.I, fig. 2. Shell with numerous merid- 
ian lines, of which about twelve are visible at once, Length 2™. 
Diameter 1}. 

I propose the genus Cadium to include some small shells whose 
siliceous nature I have fully proved, and which occur in the 
above mentioned soundings, as well as in the Gulf Stream. 

In the specimen figured, from ten to twelve longitudinal strize 
were seen at once on the upper surface of the shell, but in some 
specimens from the Gulf Stream the striae were about twice as 
numerous. 

Ceratospyris borealis B. Pi. 1, fig. 3. Shell semi-globose, 
flattened and spinose at base composed of a coarse net-work of 
strong rounded bars. Cells or perforations large, unequal. 

Diameter 5" to 6". Height 4 to 5™. 

Cheetoceros furcillatum B. Pi. I, fig. 4. Shells very 
with the sete of adjoining frustules closely approximate an 
nearly parallel for a portion of their length, then diverging and 
afterwards becoming nearly parallel. Length of the body, 0:2™ 
to0'4™. Total length including sete about 2™. This species 
which is one of the minutest of its genus is quite common in the 
Sea of Kamtschatka and I have also found it in mud taken from 
the head of a whale captured in the sea of Ochotsk. 

Cornutella? annulata B. Pi.I, fig. 5, a. b. Shell elongated, 
digitiform or somewhat conical, with a rounded apex and termi- 
nal spine. Cells or perforations arranged in transverse lines, four 
to six being visible at once in each ring. 

Length 3™ to 6™. Length of spine 3". 

Coscinodiscus Oculus Iridis? Ehr. In these soundings there 
is a considerable number of large Coscinodisci identical with a 
species occurring fossil at Richmond, hp oe which I suppose to 
be C. Oculus Iridis of Ehrenberg, but Ehrenberg’s figure of that 
species in Mikrogeologie pl. xvii, fig. 42, was probably drawn 
from a small specimen; as the species both in the recent and 
fossil species often acquires a size not much inferior to that of 
Coscinodiscus Gigas. My measurements of specimens in these 
soundings give its diameter as 11™ to 12™, and the cells where 
largest were 8 in 1™, measured in the direction of the radii. The 
star or rosette of the centre is formed by six or more polygonal 
cells, 

Coscinodiscus borealis B. (Not figured.) Disc having at its 
“nuens centre, a conspicuous star formed of about six large 
cells, The rest of the surface covered with interruptedly radiant 
lines of prominent hexagonal cells, which increase regularly from 
near the centre to the convex margin of the shell. 
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Diameter 7™ to 8™. Largest cells 5 to 6 in 1™, 

This resembles the preceding, but the cells forming the star are 

mote rounded and the other cells are larger than in C. Oculus 
8. 

Coscinodiscus crassus B. (Not — Disc without a central 
star, covered with interruptedly radiant lines of large prominent 
hexagonal cells with circular pores, cells increasing slightly in size 
towards the margin of the shell. 

A common species in these soundings, and also found fossil at 
Monterey, California. 

Cyclotella pertenuis B. (Not figured). Shell minute, slightly 
convex, very thin, with very minute cells or dots arranged in a 
radiant manner. 

Diameter about 2™, Cells 30 or 40 to 1™, arranged so as to 
produce radiant lines and eccentric curves. The markings are 
scarcely visible by an excellent }-inch objective, but become 
es istinct under a }-inch objective when seen by oblique 

ight. 

Dicladia Mitra B. Pi. I, fig. 6. Shell having two conical horns 
coalescing below into a conical base, and bearing branched pro- 
cesses above. 

Diameter of base 1™to1}™. Height including the processes 14". 

Difflugia? marina B. Pi. I, fig. 7. Shell siliceous, ovoidal or 
lagenoid, with a contracted neck and circular aperture. Surface 
divided by oblique lines into quadrilateral spaces. 

Length 23. Diameter 14”. 

A single specimen of this shell was found in soundings from 
the depth cf 2750 fathoms which had beén cleaned with acids. 
Its siliceous nature is therefore certain. It is probably the shell 
of a Rhizopod allied to Difflugia, but as I believe that all the 
known species of that genus are fluviatile, it is doubtful whether 
this form should be associated with them. 

Dictyophimus gracilipes B. Pi. I, fig. 8. Shell triquetrous, 
head rounded, bearing a terminal spine. Body or second articu- 
lation having large unequal cells, and three acute ridges pro- 
longed into long acute basal spines. 

Length including spines 44". Cells 3 to 4 in 1™. 

Bucyrtidium aquilonaris B. P. I, fig. 9. Shell with a rounded 
head and three (or more?) inflated articulations having large 
cells or perforations arranged in transverse rows, the spaces be- 
tween the cells being irregularly granulate. Lower cell abruptly 
contracted at base and prolonged into a neck. 

Length 5™ to 6™. Diameter of lower articulation 3 to 4™, 

Eucyrtidium hyperboreum B. Pi.I, fig. 10. Shell somewhat 
cylindrical, with a rounded head and nt to five (or more?) 
articulations. Surface marked with longitudinal ridges bearing 
minute granules. Cells or perforations in transverse rows, often 
nearly obsolete. 
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Length Diameter 23. 

This shell resembles some of the varieties of E. lineatum of 
Ehrenberg, but differs in having the cells much less distinct, the 
walls thicker, and the surface with a reticulated appearance due 
to the small elevations or granules placed upon the longitudinal 
ridges. 

Bucyrtidium tumidulum B. Pi. I, fig. 11. Shell subfusiform ; 
head rounded, without spines; articulations three or more, each 
having from four to six transverse rows of large cells of nearly 
uniform size arranged in a decussating manner. 

Length 4". Diameter 2™. Cells 4 to 5 in 1™, 

A species closely resembling this is common in the Atlantic 
soundings. 

Eucyrtidium cuspidatum B. Pi. I, fig. 12. Shell conical with 
eight or more articulations, head rounded and bearing a long 
curved setiform process. 

Length of shell 6™, Length of setula 5™ to 6™. 

In the Atlantic soundings is found a species closely resembling 
this, except that it has not been seen with the setiform process. 
I have called it C. Tritonis. 

Halicalyptra? cornuta B. P1.I, fig. 18-14. Shell dome shaped 
or campanulate, with a rounded head, armed with two spines. 
Second articulation (or body) having large cells or openings 
arranged in transverse and decussating rows. 

Length 4™ to 6™,. Diameter at base 3™ to 4™. Cells nearly 
1™ in diameter near the base of cell, and showing four to five in 
each transverse row. 

Lithobotrys inflatum B. Pi. I, fig. 15. Shell ovoidal, head 
composed of two or three small rounded cells. Body with one 
large inflated cell with a slight transverse constriction. Surface 
with cells of unequal size. 

Length 8™. Diameter 13". 

Perichlamidium venustum B. Pi. I, fig. 16 and 17. Shell 
discoidal with a thickened spongiform central mass, and a broad 
cellulose margin with numerous rays prolonged into projecting 
spines, 

Diameter 10™ to 15". Width of margin i™ to 2™. 

This shell is not rare in these soundings, and is, I believe, the 
first of its genus that has been found in the recent state. 

Rhizosolenia hebetata B. P'. I, fig. 18, 19. Shell calyptriform, 
punctate, with a smooth cylindrical base. Apex expanded, lat- 
erally compressed and having a rounded and retuse end. 

This is one of the most common forms in these spundings, and 
also occurs in the sea of Ochotsk. The punctate conical portions 
are most frequently seen, but specimens with the cylindrical base 
are occasionally found. 

Stylodictya stellata B. Pi. I, fig. 20. Shell with five or more 
concentric rings, the outer one armed with short spines. 
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Diameter 5™ to 6™. 

I believe this to be a Stylodictya rather than a Flustrella in 
consequence of indications that the spines radiate from the centre, 
and are not mere marginal appendages. 

Spongolithis ? clavata B. Pl. I, fig. 21. Club-shaped, fistulous, 
with a rounded head bearing numerous tubular spines. 

Spongolithis? orthogona B. PA. I, fig. 22. Com of three 
bars crossing each other at right angles, each bar perforate, 
smooth near the centre, and enlarging towards each end into a 
club-shaped portion densely beset with short spines. 

Both these forms, which I have referred with some hesitation to 
Spongolithis, are certainly siliceous and not calcareous forms as 
they completely resist the action of acids. 


The position and depth of the soundings in which the above 
species were detected are as follows: 

No. 1. Sea bottom 2700 fathoms, lat 56° 46’ N, long. 168° 18’ 
EK, brought up by Lieut. Brooke with Brooke’s lead. 

No. 2. Sea bottom 1700 fathoms, lat 60° 15’ N, long. 170° 53’ 
E, brought up as above July 26th, 1855. 

No. 8. Sea bottom 900 fathoms, temperature (deep sea) 32° 
Saxton. Lat. 60° 30’ N, long. 175° E. 

By consulting the drift chart in Maury’s Physical Geography 
of the Sea (Pl. [X) it will be seen that the above positions are in 
the region where the drift is from the north, and the species 
themselves appear to be of a northern type, differing decidedly 
as a group from those found at Japan or along the coast of 
Oregon and California. 


Art. IL.—Famination of two Sugars (Panoche and Pine Sugar) 
from California ; by SAMUEL W. JOHNSON. 


Some time since I received from Wm. P. Blake, .. Geolo- 
gist of the Pacific R. R. survey, two substances collected by him, 
with the following notice of their occurrence, &c. 

“The sugar which I send you is collected by the Indians of 
the Tefou in California, from the surface of the leaves of a tall 
reed or cane which grows abundantly along the streams and low 
moist places of that valley. The canes are cut and then beaten 
over hides spread upon the ground. The sugar is thus detached 
from the plants, and mingled as it is with fragments of the leaves 
and stalks, is made into thick cakes which are afterwards covered 
with a neatly woven mat made of éulé or round rushes tightl 
bound together. This sugar is known as Panoche, and is a 
liked by the Indians. It is also used by settlers and emigrants 
when without a superior article, for sweetening their coffee. The 
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sample I send you, was taken from one of the cakes which had 
been partly used, but still weighed several pounds. Its color was 
white or gray, with a greenish tinge, probably ——— to it by 
the leaves and other impurities. It was not crystalline or granu- 
lar, but in consistency was more like partly hardened molasses- 
candy but was not so adhesive or sticky. It had a peculiar sweet 
taste, somewhat saline as if it contained a portion of common 
salt. A part of the mass dissolved in water showed the presence 
of a large amount of impurities, and among them, numerous re- 
mains of the Aphis or green-fly. I concluded that these little 
vermin were the manufacturers of the sugar; an opinion, which 
I afterwards confirmed to my own satisfaction, by seeing great 
numbers of these insects on cane leaves made glossy with their 
excrements. This is probably the source of the Sugar; its 
accumulation being favored by the long dry season without any 
rain to wash the leaves. 

The other sample I send, is called ‘ Pine-sugar,’ and exudes in 
considerable quantities from a species of pine growing abundantly 
in the forests on the western due of the Sierra Nevada. This 
is probably Mannite.” 

The Panoche, as placed in my hands, had entirely lost its solid- 
ity, and was mostly absorbed into the numerous papers that had 
been wrapped about the original mass. In addition to a peculiar 
odor reminding of figs, it had a strong acetic smell. It was 
digested in warm water, and the solution filtered and pressed from 
the paper, fragments of mat, and other impurities; the liquid 
was evaporated at a gentle heat, and yielded a thick syrup, not 
distinguishable in appearance and sweetness, from the poorer qual- 
ities of West India molasses; but it left on the tongue a disa- 
greeable, bitter, and quite lasting after-taste. I was unable to 
separate any crystallizable sugar from this syrup. It gave with 
the usual tests, the reaction of a mixture of cane and grape sugars. 
The alteration it had undergone while in Mr. Blake’s possession 
is not a little remarkable, and it appears that when he procured 
it, it was already in a state of change, for he informs me in a 
recent note, that there is in the U. S. Patent Office a specimen of 
sugar of the same origin which is in the solid form, resembling a 
cake of maple sugar. Is this change of consistency due to a 
humid atmosphere, or to continued motion? I have observed a 
similar change in a cake of maple sugar which was carried from 
this country to Europe. It was originally a firm hard mass, but 
after the journey it had become quite soft, and the thick paper 
envelope was thoroughly enmated with molasses. 

The Pine Sugar had the form of rounded, rough nodules, half an 
inch and more in diameter; some were nearly white, others were 
of a brown color. They were almost completely soluble in water 
and in boiling alcohol, yielding a reddish brown liquid. The 
alcoholic solution was partially > He sereer by bone black, and a 
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quantity of ether added to it, which caused a dense milkiness, 
After some hours globular or stellate deposits of white and mostly 
opaque crystals were formed on the sides and bottom of the 
vessel, while the liquid became clear. If too much ether was 
added a small quantity of syrup of uncrystallizable sugar (?) gath- 
ered in globules at the bottom of the liquid. 

The crystals thus obtained were further purified by recrystalli- 
zation, they possess a pure and intense sweet taste, are very hard, 
brittle, and unless pulverized, dissolve but slowly in boiling alco- 
hol. In the mother liquors accumulated a substance of bitter 
taste. 

After having procured these crystals in a state of purity and 
remarked their non-identity with mannite, &c., Berthelot’s paper 
on several new sugars (Compt. Rend. 1855, No. 12, p. 452, t. Xu) 
came to hand. This chemist describes the body in question 
under the name of Pinite. He relates that it is yielded by the 
Pinus lambertiana of California, and exudes from cavities made 
by the aid of fire, near the roots of the tree. According to 
Berthelot, “it possesses right polarization and is incapable of fer- 
mentation even after treatment with sulphuric acid. Its analysis 
led to the formula C:2H12010. Acetate of lead-oxyd ammonia 
from its solutions the compound C12H12Q010 4Pb.0. 

t is isomeric with Quercite, but differs from that body in crystal 
form, and has greater solubility and sweetness.” The quantity 
at my disposal was so small that I only attempted to make an 
ultimate analysis; my results were slightly vitiated by the fracture 
of the combustion tube, after the burning was complete, but be- 
fore the COz had been fully carried into the potash bulbs. 

Below are the obtained numbers compared with those required 
by Berthelot’s formula. 


Cale. Found 

Hie 7°32 7-40 
Ore =80 48:78 49-85 
164 100-00 100-00 


In another paper, Berthelot describes a large number of com- 
pounds of sugars with acids. Among these are the acid and 
neutral stearates and benzoates of Pinite. He has further found 
that when these compounds are saponified there is obtained the 
original acid, and, not pinite, but a substance which gradually 
passes into pinite. 

The name pinite is very objectionable, as identical in orthogra- 
phy with one appellation of a mineral which is overloaded with 


synonyms. 
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Arv. I1I.—On the Composition of the Muscles in the Animal S- 
ries; by MM. VALENCIENNES and FRemy.* 


THE articles lately published by us on the composition of 
eggs, show that a comparative study of subjects related in or- 
ganization, running through the different classes of the animal 
kingdom, is always a source of much interest alike to zoology 
and chemistry. Taking up the eggs of the principal groups of 
animals, we pointed out fundamental differences in composition 
which zoology should hereafter regard, and besides, we gave the 
general characteristics of a new class of organic substances, des- 
ignated by us under the name of vitellin substances, which 
chemistry and physiology cannot confound with the albuminous 
substances, 

Associating still our labors—which enables us to handle ques- 
tions within the provinces both of zoology and chemistry,—we 
have proposed to ourselves to extend to the muscular fibre the 
mode of research which we have bestowed on eggs, that is, to 
endeavor to exhibit, by a comparative study, the differences of 
the muscles in chemical composition. A general examination 
of the whole animal series should then give us tolerably pre- 
cise notions of the nature of the proximate principles found in 
the muscular fibre, as well as of the analytical processes by which 
they may be isolated. 

Through our joint research, we have established several im- 
portant facts which are brought out in this our first communica- 
tion on the subject. 

The muscular fibre of the vertebrate animals, which we first 
examined, was separated with the greatest care by anatomical 
processes from the white aponeurotic or tendinous fibres, from 
the nervous cords, the principal blood vessels, and also from the 
fat which it contains in considerable amount. The proximate 
principle which first appears in the analysis of the muscles of 
the Vertebrata is creatin, the discovery of which, as is well 
known, is due to M. Chevreul. Then come inosic acid and crea- 
tinin, which have been described with so much discrimination 
and care by M. Liebig. In this part of our researches, we can 
only confirm the labors of the well known chemists just named. 
We will mention, however, that creatinin appears to us more 
abundant in the animal economy than is generally supposed ; 
we have ascertained its presence in the muscular fibre of almost 
all the Vertebrata; it is often found in a free state, and is shown 
by a very marked alkaline reaction; we have found it too com- 
bined with phosphoric acid. Our attention was next drawn to 


* Translated from the Journal de Pharmacie for December, 1855, p. 401, dc., by 
Dr. J. Rosengarten. 
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the substance which gives acidity to the muscles of all the Verte- 
brata, we thought it of interest to isolate this principle and to 
analyze it. The result of our researches in this direction is, that 
if in some cases, the acidity of the muscles is due to lactic acid, 
that which makes the muscular fibre strongly acid is ordinarily a 
phosphate of potash, having, according to our analysis, the for- 
mula, KO, 2HO, PO*. We obtained this salt in a crystallized 
condition by treating the muscles with weak alcohol and evapo- 
rating the liquor to a syrupy consistence. 

While determining the proportion of this salt in the muscles 
of different animals, we observed evidence of some connection 
with the formation of the osseous system; that is, we always 
found it largely in animals in which the bones are very much 
developed, a very slightly in the Articulata and Mollusca. 
The part which this salt takes in the formation of bones is now 
clear; for we have directly ascertained that in reacting on car- 
bonate of lime, the phosphate of potash from the muscles, forms 
the basic phosphate of lime, which is so considerable a part 
of the bony substance. This phosphate of potash is not, per- 
haps, without effect in the production of a phosphuretted fatty 
matter that exists in the muscles, which will be mentioned far- 
ther on; we think, however, that under these circumstances, it 
deserves the attention of physiologists. The muscles of the ver- 
tebrated animals are impregnated with a considerable quantity of 
fatty bodies made up of varying proportions of olein, margarin, 
and stearin. Besides these nl fatty bodies, another is always 
found, which differs from the substances properly called fat by a 
number of peculiarities, and presents some analogy to the cere- 
bral fat. We have made a tolerably complete examination of 
this interesting substance. It was extracted easily by treating 
the muscles with weak alcohol, which dissolves it without alter- 
ing the other fatty bodies. This liquid, when evaporated, gives 
a viscous amber-colored substance, which partly dissolves in 
water; treated with sulphuric acid, it decomposes like a soap, 
giving sulphate of soda and an acid heavier than water. This 
acid contains both azote and phosphorus; analyzed, it afforded 
exactly the composition which one of us obtained from the cere- 
bral fat, called enloniatin acid. 

The phosphuretted fat which exists in the muscles, is therefore 
identical with that which is found so plentifully in the brain, and 
is produced, like the latter, by the combination of soda and oleo- 
phosphoric acid. This substance can now be said to be found in 
every part of the animal organization. We have established that 
its proportion in the muscular tissue increases with the age of the 
animal, and it is as various as the different species of the verte- 
brate animals. Fishes, such as the whiting, the dab, the floun- 
der, have only a very small proportion, while species having a 


7 
3 
{ 
a 
) 
q 
| 
| 
a 
| 


On the Composition of the Muscles in the Animal Series. 11 
compact body, with a strong taste, generally difficult to digest, 


like the mackerel, herring, trout, and, most of all, salmon, have a 
large quantity. It is this ees gr age substance which, by de- 
composing incompletely through the action of heat, gives to 
broiled fish its characteristic smell. 

While studying this substance in the muscles of fish, we have 
been naturally led to examine the red matter which colors the 
muscles of salmon, that which, in trout and some other fish, pro- 
duces the ‘sawmonage.’ This remarkable change of color is partly 
dependent on the phenomenon of reproduction. The salmon, for 
instance, is red-skinned all the year, but its muscles become per- 
ceptibly paler at the time of spawning. This discoloration is 
still more distinct in trout, for when they spawn the skin becomes 
quite white. While the spawning does not occur at the same 
time, the female ‘salmons’ itself a deeper red, and keeps this 
color longer than the male; and often in the same stream there are 
taken white trout and salmon trout. This shows too that the 
salmon trout is not the mongrel of the trout and salmon ; besides, 
the fecundation of one of these fish by the other is out of 
the question since the salmon spawns in July and rarely in Au- 
gust, while the trout spawns in December. 

The coloring matter of the muscles of a salmon attracted the 
attention of Sir Humphrey Davy; in the work by this famous 
chemist, entitled Salmonia, it is said that the skin of a salmon 
can be discolored by ether. But even till now, this coloring 
matter has not been isolated. It is this which we attempt to 
accomplish, From our researches, we find this coloring matter to 
be of a fatty nature, presenting the characteristics of a weak acid, 
which we call salmonic acid, and that it dissolves in a neutral 
oil. In order to isolate salmonic acid, we used the following 
means: the red oil which is easily got from the muscles of a sal- 
mon by a press, was agitated cold with alcohol feebly ammoni- 
ated; the oil then becomes colorless, and the alcohol takes the 
coloring matter, which is separated by wee ap the ammoni- 
acal salt with an acid. The acid thus obtained is viscous, red, and 
presents all the characteristics of a fatty acid; it is the same in 
the salmon-trout as in the muscles of a salmon. We have found 
it in considerable quantity and mixed with oleophosphoric acid 
in the eggs of salmon, which partly accounts for the discolora- 
tion and loss of smell in the flesh of a saimon when it lays. 
The female of the Salmo hamatus Val., does not afford as much 
acid, either salmonic or oleophosphoric, as the common sal- 
mon (Salmo salmo Val.): the muscles of fish show therefore in 
species most nearly allied appreciable differences in their compo- 
sition. 

It was of interest to compare the muscles of Crustacea with 
those of fish. In order to work at the muscular flesh of the for- 
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mer, pure and without any mixture of other organs, we chose 
the mass of muscles bundled together in the tail, taking care to 
put aside the extremity of the intestinal canal and the nervous 
cord which follows it. 

The muscles thus prepared, were submitted to the action of 
different solvents, especially alcohol and ether. They proved to 
be simpler in composition than those of the Mammalia, and pre- 
sented some analogy to the muscles of fish, The phosphate of 
potash which is so largely found in the former, hardly occurs in 
the Crustacea; the oleophosphoric acid exists however in as con- 
siderable quantity as in the muscles of fish, We obtained also 
creatin and creatinin. from the muscles of several different kinds 
of crustaceous animals. 

To complete this general study of the muscles of different ani- 
mals, it remained to examine the Mollusca, which on analysis, 
afforded a remarkable and unlooked for fact. To enable us to 
compare these analytical results with those we had arrived at 
in the other Poa. we used great care in the preparation of 
the muscular tissue of the mollusks intended for our experi- 
ments. For example, in working on the large muscle of the 
Cephalopods, we took away the bone of the cuttle fish, and the 
tail of the ‘calmar,’ we put aside all the membranes which touch 
the cavity enclosing the secretions, and we raised the cartilages 
which operate on the corresponding tubercles of the body, in the 
movements of these large muscles. In the acephalous molluscs 
we took only the large abductor muscles of the valves. In one 
word, avoiding all the products of the secretions, and all the or- 
gans of complex composition so plentiful in these animals, which 
are so often called simple bodies, our analyses were applied to the 
pure muscular fibre of the Mollusca, from the order of the Ceph- 
alopoda to that of the Acephala. The delicacy of the prepara- 
tions had a great influence on the nicety of the analytic results 
which we are now to make known. 

The muscles of mollusks presented a much simpler compo- 
sition than those of the vertebrated animals, for they do not 
contain any appreciable quantity of phosphate of nite, of oleo- 
phosphoric acid, of creatin or of creatinin: these proximate 
principles are replaced by a crystalline material which is ob- 
tained as plentifully from oysters as from the cuttle-fish, and may 
be called a characteristic of the muscles of these animals. It 1s 
much more soluble in boiling water than in cold, insoluble in al- 
cohol and ether, combines with neither acids nor bases, and resists 
the action of nitric acid. When submitted to the action of heat, 
it gives all the po which result from the decomposition of 
organic azotized substances, and with sulphuric acid, affords both 
the sulphite and the sulphate of ammonia. The presence of sul- 

hur in the crystalline matter of the mollusks has been confirmed 
S the analyses, which resulted thus: 


f 
. 
¥ 
a 
a 
q 
ine 
. 
q 


On the Composition of the Muscles in the Animal Series. 13 


- 195 
- 59 

105 

24-0 

40°0 

100°0 

These analytical data with the other characteristics, show that 
the substance from mollusks is identical with a very remarkable 
material discovered by Gmelin in the bile of the vertebrated ani- 
mals, which he calls tawrine. 

To give the last degree of certainty to this interesting fact we 
asked M. de Senarmont to determine the crystalline form of the 
substance obtained from the mollusks; fom his crystallographic 
determination is a further confirmation of the identity of taurine 
from the bile, and that~from the muscles of oysters and cuttle- 
fish. The presence in the muscles of mollusks of a substance 
containing 25 per cent of sulphur, which till now has been 
found only in the bile, is an important physiological fact; and it 
seem to us probable, that by directing attention to taurine, the 
ideas which iow hitherto been expressed as to the function of 


ued 


this interesting substance may be modified. Taurine, in the dis- 
tinctness of its crystalline forms, may be compared to urea, and 
it presents both chemically and physiologically some analogy to 
that base of animal origin. Both have been i ae. produced. 


M. Strecker has shown that isethionate of ammonia, when heated, 
produces taurine. It has always been supposed that this sub- 
stance was a result of the decomposition of sulphuric acid in the 
bile, and it has been looked upon as an original substance in 
the body. We think that the results published in this article, 
are likely to modify these opinions, showing that taurine does 
not originate in the liver, and that it is much more abundant in 
the animal organization than was generally supposed. These are 
the chief facts which we present. 

Although in this first essay we have examined only a few of 
the proximate principles of muscles, and have analyzed but a 
small part of the different groups of the animal series, yet the 
results confirm a general fact of great importance, set forth in 
our essay on eggs: namely, that analytical chemistry, while cor- 
roborating to some extent the principles which from the first 
have been used in zoological classification, establishes as a new 
criterion of distinction, the existence of different substances in 
animals that are fundamentally different in organization. 
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Art. IV.—A Review of the Classification of Crustacea with refer- 
ence to certain principles of Classification ; by JamEs D. Dana.* 


THE class Crustacea exhibits a clearness of outline in its types, 
and a dispiay of relations, transitions, and distinctions, amon 
its several groups, exceeding any other department of the sulaeal 
kingdom. This fact arises from the very great range in structure 
occupied by the species. The limits in size exceed those of any 
other class, exclusive of the Radiata; the length varying from 
nearly two feet to a small fraction of a line, the largest exceed- 
ing the smallest lineally more than a thousand-fold. In the 
structure of the limbs, the diversity is most surprising, for even 
the jaws of one division may be the only legs of another; the 
number of pairs of legs may vary from fifty to one, or none. 
The antennz may be either simple organs of sense or organs of 
locomotion and prehension; and the joints of the body may be 
widely various in number and form. In the branchial onl the 
internal systems of structure, the variety is equally remarkable; 
for there may be large branchiw, or none; a heart, or none; a 
system of distinct arterial vessels, or none; a pair of large liver 
glands, or but rudiments of them; a series of ganglions in the 
nervous cord, or but one ganglion for the whole bod: : 

Taking even a single natural group, the Decapods ;—the abdo- 


men may be ret small, without appendages, and flexed beneath 
the broad cephalothorax out of view, or it may be far the larger 
part of the body, and furnished with several pairs of large 
natatory appendages ;—the inner antennz may be very small, 
and retractile into fissures fitted to receive them, or they may be 
very long organs, constantly thrown forward of the head; and 
descending but a _—_ step, we come to species of Decapoda 


without proper branchize, some having the abdominal legs fur- 
nished with branchial appendages, and others with no abdominal 
members at all. 

When we consider, that these diversities occur in a class that 
may not embrace in all over ten thousand species (not half of 
which are now known), we then comprehend the wide diversity 
in the distinctions that exist. The series of species followed 
through, gives us an enlarged view of those distinctive charac- 
teristics upon which the limits and relations of groups depend. 
The network of affiliations, it is true, is like that in other de- 
partments; but it is more magnified to the view. 

Moreover, the distinctions are obviously distinctions of rank. 
There is no ambiguity as to which is the higher or superior 
group, as among Insects. The variations are manifestly varia- 
tions in grade, and we may readily trace out the several steps 


* From the author's Expl. Exped. Report on Crustacea, Vol. II, pp. 1895—14387. 
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of gradation, as we descend from the highest Brachyura to the 
lowest Lernza. And while we so readily distinguish these gra- 
dations, we as plainly see that they are not steps of progress fol- 
lowed by nature in the production of species; but, simply suc- 
cessive levels (grades of types), upon which species have been 
multiplied. 

We, therefore, may consider the class Crustacea as especially 
well adapted for instruction in some of the higher principles of 
classification in Zoology; and, if we mistake not, laws may be 
educed which have not hitherto taken form in science. These 
have already been partially alluded to in the previous pages of 
this Report. But we here bring together the facts in a con- 
nected view, in order to state the principles more definitely, and 
exhibit the full extent of their bearing. We leave out, how- 
ever, a large part of the details, which may be found elsewhere 
in the 

The fundamental idea, which we shall find at the basis of the 
various distinctions of structure among the species is, the higher 
centralization of the superior grades, and the less concentrated central 
Jorces of the ay principle which bas been applied to the 
animal kingdom in some of its larger subdivisions, but which 


has not been followed out into all the details of structure exem- 
plified among Crustacea. 

This centralization is literally a cephalization of the forces. In 
the higher oe s, the larger part of the whole structure is cen- 


tred in the head, and contributes to head functions, that is, the 
functions of the senses and those of the mouth. As we descend, 
the head loses one part after another, and with every loss of this 
kind, there is a step down in rank. This centralization may be 
looked for in the nervous cords; but the facts are less intelligi- 
bly studied there, than in the members, the production and po- 
sition of which measure the condition of the forces :—just as we 
can better measure the forces of a galvanic battery by the work 
done, than by the size or external appearance.of the plates 
which constitute it. 

In the Crustacea type, there are normally twenty-one seg- 
ments to the body, and correspondingly twenty-one pairs of 
members,—as laid down by Milne Edwards,—the last seven of 
which pertain to the abdomen, and the first fourteen to the ceph- 
alothorax. Now, we may gather from an examination of the 
crab, or Macroural Decapod, acknowledged to be first in rank, 
what condition of the system is connected with the highest cen- 
tralization in Crustacea. 

In these highest species, nine segments and nine pairs of 
appendages out of the fourteen cephalothoracic, belong to the 
senses and mouth, and only five pairs are for locomotion. Of 
these nine, three are organs of senses, six are the mandibles and 
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maxille. Moreover, these organs are clustered into the smallest 
possible space, so that the six pairs of mouth organs hardly oc- 
cupy more room than the first pair of legs. The organs are all 
small, the antennz exceedingly short, the maxillz small lamellar 
organs sparingly jointed. The vegetative powers of growth 
have had but little play. The inner antenne are rather large 
as regards the basal joint, which is devoted to one of the senses, 
but the rest is nearly rudimentary, and the whole is snugly 
boxed away, to be extruded at the will of the animal. The ex- 
terior maxille (or outer maxillipeds) cover exactly the cther 
pairs, and shut closely down over the mouth, like a well-fitting 
operculum to the buccal area. 

We hence learn, that the condition of highest centralization 
in Crustacea, is where the cephalic part embraces the largest 
portion of the normal structure of the cephalothorax, and the 
whole is contracted within the smallest compass, with the least 
vegetative growth or elongation of the parts. The forces are 
concentrated in the more perfectly developed senses and the 
higher functions of the animal—not in giving size to the organs 
of the senses, but acuteness to the sensorial function. The per- 
fection of the senses is evinced by the small antennz; for we 
infer therefrom, not only that the organ is exclusively an organ 
of sense, but also, that the delicacy of the sense itself is such, 
as not to require a long-jointed appendage to aid the function. 

This cephalization of the animal is farther observed in the 
structure of the rest of the thorax and the abdomen. The ab- 
domen, in the first place, is reduced to its minimum size. Vege- 
tative elongation is here cut short, as in the anterior part of the 
animal; and the sphere of growth has a narrow limit, owing to 
the very intensity of its concentration; and we find that the 
limit widens as the intensity diminishes. 

Again: the central power is indicated by the fact, that the 
first pair of legs is the strong pair; being properly hands, they 
contribute especially to the higher functions, that is, the support 
of the living animal, through their strength and powers of pre- 
hension, and not like the following, to locomotion. Thus, as 
we pass from the centre, the organs are of more and more hum- 
ble function. 

This centre, as we have observed in another place, is properly 
between the second antennz and mandibles. The second an- 
tennz and the rudimentary mouth, are among the first parts 
that appear in the embryo. If we look at it as a centre of force 
or of growth, we remark that the radii on opposite sides of this 
centre, before and behind, are very unequal, the latter being six 
or eight times as long as the former,—a relation which is the in- 
verse of the functional importance of the parts pertaining to each. 

Our idea of the condition of highest centralization is thus 
drawn from a study of the species. 
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The most perfect state of it is seen in the Maia group, (the tri- 
angular crabs,) in which the bases of the antennz and eyes are 
crowded into the narrowest possible compass, and the mouth 
organs are well compacted within the buccal area, and the legs 
and whole system have the highest completeness. 

The form of the body of a Maia is a somewhat flattened ovoid, 
narrowest in front; and the middle point between the mouth 
and the second antennz, which we call the potential centre of 
the animal, is situated near the front, say about half an inch 
from the front outline (excluding the beak), supposing the ceph- 
alothorax three inches long. We may call the part anterior to 
this centre, A; the part posterior, B; and the length of the for- 
mer, measured on the axis, a; of the latter, bd. These parts 
may be viewed, as regards development, as potentially equal; 
and yet the anterior, A, is six times shorter and as much nar- 
rower and lower than the following. It would not, therefore, 
be far out of the way to say, in mathematical language, that the 
functional importance of the two parts varies inversely as the 
cubic contents of the parts. 

We pass now to the degradations from this, the highest type. 

These degradations are seen— 

First, in a widening of the space between the antenne. 

Second, in a slight enlargement of the outer maxillipeds, so 
that they do not fit snugly over the buccal area. 

Third, in an elongation of the antenne. 

These are all evidences of a slight relaxing of the concentrat- 
ing element. The first, marks the transition of the Maia group 
to the Parthenopids, and thence to the Cancridze. The second, 
carries the grade a step lower, to species of the old genus Cancer, 
also to the swimming crabs and the Corystoids; and the third, 
marks off the Corystoids as the lowest of the true Brachyura. 

While there are such marks of degradation exhibited through 
the growth or elongation of parts, there is also a mark, equally 
significant, in the obsolescence of the posterior thoracic legs, a 
peculiarity of many Grapsoids. In the Maioids, the species are 
well balanced; the type is perfect in its development; the sus- 
taining of the central functions allows of the full and complete 
growth of ali the other parts. But the diminution of force 
may not only be attended with a loosening of the cephalic hold 
on the remoter of the cephalic organs, but also, in a failure in 
the production of the posterior organs of the body, or those on 
the outer limits of the system: and this is what happens in 
many Grapsoids. The swimming form of the legs in Lupa and 
allied species is a similar mark of inferiority. 

Besides the above evidences of degradation, there are still 
others in the Brachyural structure, which act conjointly with 
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the ape ip producing lower grades of species. They are all 

marks of a relaxation of the centralization. 

; Fourth. An enlargement or widening of the sternum and ab- 
omen. 

Fijth. The abdomen becoming somewhat relaxed from the 
venter instead of remaining close-appressed to it. 

Sixth. The vulve becoming more remote from one another, 
being situated in the bases of the third pair of legs, instead of 
the sternum. 

Seventh. The inner antennz losing their fossettes, and being 
constantly exsert. 

Eighth. The branchiz being more than nine in number on 
either side. 

The first of these peculiarities distinguishes many of the 
Grapsoids, as well as lower species. The second is observed in 
the Corystoids, and is an additional mark of their inferior grade. 
The third occurs in Dromia and allied. The fourth, in Latreillia, 
The fifth, in Dromia. Dromia and Latreillia have the posterior 
legs abbreviated, and in Dromia, this evidence of degradation is 
= stronger, in that the fourth as well as fifth pair is short and 

orsal, 

The last three characteristics, above mentioned, mark a tran- 
sition towards the Macroural type, and the genera of this kind 
belong with the Anomoura. This transition is seen further in— 

Ninth. The eyes being without fossettes. 

Tenth. The second pair of antennz becoming exterior to the 
eyes. 

Eleventh. The outer maxillipeds more enlarged and subpe- 
diform. 

Twelfth. The abdomen more lax and furnished with a pair of 
caudal appendages. 

Thirteenth. The abdomen more elongated, and hardly inflexed. 

These several changes exhibit a continuation of the process of 
relaxation in the central forces. There is thereby an enlarge- 
ment of the antennx, and their more remote position at the an- 
terior extremity of the animal; and also, an enlargement of the 
posterior or abdominal parts of the animal, and a development 
of appendages in the posterior direction. These marks of de- 
gradation, excepting the thirteenth, are found in the Hippa and 
Porcellana groups, and the thirteenth in the Paguridea. At the 
same time that these Macroural characteristics appear, the body 
becomes elongated. The species all bear a stamp of imperfection 
in the abbreviated posterior legs, as explained above, as well as 
in the other points alluded to. The subordination of the nine 
anterior annuli to cephalic functions, which is so striking in the 
Maioids, has become less and less complete, and the organs less 
perfect; moreover, the habits of the animals are more sluggish, 
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and they are less fitted for self-preservation. The large Dromia 
picks am ae waste shell, and by means of its hind legs, lifts it 
over its body for protection, and the Pagurus finds shelter in the 
water-worn univalves of a coast. 

The degradation pointed out, is hence, not merely a variation 
in the position and size of certains organs, but an actual deterio- 
ration in rank and intelligence. 

Other minor points exhibiting difference of grade, might be 
mentioned: but they have already been subjects of remark. 
We state here only one—the character of the fingers of the 
large hands. In the higher species, these fingers are pointed ; 
in a grade below, in some groups, they have a spoon-like ex- 
tremity. This excavate form is often more perfect in young in- 
dividuals than in adults, which is one evidence that it is in fact 
proof of inferiority. By this mark we learn that the Chlorodine 
are of lower grade than the Xanthine; the Paguri, than the 
Bernhardi ; the Mithracide, than the Maiade, ete. 

Let us now pass to the Macroura. In the typical Macroural 
species, the antenne, instead of being minute, with the inner 
retractile, are long exsert organs, and the outer have a large 
plate as an appendage at base; the eyes are without sockets; 
the outer maxillipeds are pediform, and do not closely cover the 
outer mouth organs; the abdomen is often longer than the rest 
of the body, and has its six regular pairs of appendages. All 
these points show a still further relaxing of the centralization or 
culation of the species. There is an elongation of the 
parts anterior to the mouth, and also of those posterior, and 
this elongation of the two extremities is approximately propor- 
tional to the relative dimensions of the corresponding parts in 
the Brachyura. If we were to draw out an ovoid with the rela- 
tive length and breadth of a Macroural cephalothorax, and place 
its focus so as to correspond with the position of the posterior 
margin of the epistome, in a manner like that proposed for the 
Maia among Brachyura, the ovoid for the Macroura would be 
very narrow, and the focus or centre proportionally farther from 
the front than in the Brachyura. 

In following down the degradation of the Brachyura to the 
Anomoura, we have found the posterior legs becoming abbre- 
viated, and the whole structure in its aspect imperfect. But, in 
the typical Macroura, there is nothing of this seeming imperfec- 
tion. The legs are all fully formed; the animals are exceed- 
ingly quick in their motion, instead of being sluggish; and 
every organ is apparently in its most perfect state for the uses 
of the system to which it is tributary. We should, therefore, 
understand, that the process of degradation, alluded to above, is 
not one actually passed through in the system of creation; for 
by its progress we should never reach the Macroural structure ; 
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nor, in the reverse order, should we from the Macroural reach 
the Brachyural structure. In the remarks above, we speak only 
of the comparative actual conditions of the species as regards 
centralization. 

The Macroura and Brachyura belong to independent yet cor- 
related and subordinate types of structure, each perfect in itself, 
and admitting of wide pletion, and having its own system 
of degradations. We add a few words on these degradations 
among the Macroura. We have seen that, in the Brachyura, the 
powerful prehensile legs are those of the first pair, these acting 
for the collection of food, and so contributing to the mouth. In 
the Macroura, there are species of high rank that have the an- 
terior legs strong-handed, like the Macroura. There are others, 
in which the second or third pair is the strong-handed pair; 
others having all the legs weak appendages, with only rudi- 
mentary hands or none. The several marks of degradation are 
as follows :— 

First. The outer maxillipeds pediform. 

Second. The maxillipeds next anterior pediform. 

Third. Second pair of legs cheliform and stouter than the first. 

Fourth. The third pair of legs cheliform and stouter than 
either of the preceding. 

Thus as we descend, we find one and even two pairs of mouth 
appendages beginning to pass from the mouth series to the foot 
series, and the cephalic portion is thus losing its appendages and 
high centralized character. Moreover, the power belonging to 
the first pair of legs in the higher species is transferred to the 
second pair of legs, as in the Palemons; or, to the third pair, 
as in the Penzidw; indicating a further decrease of that cen- 
tralization so remarkable in the Brachyura. Still lower among 
the species, as in the Sergestide, all the legs are weak, and the 
posterior pair may be short or obsolete,—the same deterioration 
that occurs in the lower Brachyura. 

As we descend farther, there is an increased obsolescence of 
organs, and every step is one of marked imperfection as well as 
degradation. 

fifth. The branchiz become external and small. 

Sixth. The branchize become wholly wanting, or part of the 
abdominal appendages. 

Seventh. The last two pairs of thoracic legs become obsolete. 

Fighth. The appendages become obsolete. 

Ninth. The eyes and antennz have separate segments, and the 
abdomen is very long and large. 

The fifth point of degradation is seen in the Huphauside ; the 
sixth, in the Myside and other Anomobranchiates; the seventh 
is found in several genera of the same group; the eighth in cer- 
tain Myside. The Anomobranchiates are thus degraded Ma- 
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croura. There is not merely a relaxing of the centralization ; 
but the forces are so weakened as not to succeed in finishing out 
the members in the system of structure to which they pertain. 
The species consequently are not modifications upon the level 
of the Macroural type, nor upon a distinct level or distinct type; 
but simply imperfect developments of the Macroural structure 
below the true level of that type. They bear nearly the same 
relation to the Macroura, that the Anomoura bear to the Brachy- 
ura. The ninth step is seen in the Squilloidea, whose relaxation 
of system and elongation in the cephalic part, as well as abdo- 
men are remarkable. 

The continuation of the line of degradation represented in 
the Anomoura, is not to be found, as we have remarked, among 
the typical Macroura. But the structure of the Paguri may be 
traced into the aberrant Macroura, called Thalassinidea; and 
thence, both in the abdomen, the legs, and the branchiz, we ob- 
serve a transition to the Squilloids, one division of the Anomo- 
branchiates. If then, we were to trace out the lines of affinity 
in the species, it would be from the Mysis group to the typical 
Macroura, and from the Squilla group to the Thalassinidea, as 
elsewhere explained. From the latter, the lines lead mainly to 
the Anomoura and higher species. 

In our review, thus far, we recognise one only of the primary 
types of structure among Crustacea. This primary type is char- 
acterized by having nine normal annuli or segments devoted to 
the senses and mouth, that is, to the cephalic portion of the 
body. It includes two, or, we perhaps may say, three secondar 
types. The first of these secondary types is the Brachyural; it 
has the antennz small, the inner pair in fossettes, the abdomen 
without appendages. In the other type (or other two, if so con- 
sidered), the antenne are elongated, and both pairs free, the ab- 
domen is elongated, and furnished with a series of appendages. 
This, the second type, is the Macroural; or, if we assume that 
it embraces two distinct types (a second and third), the two cor- 
respond to the typical Macroura and the Thalassinidea. 

Each secondary type embraces types of more subordinate 
character, which it is unnecessary here to dwell upon. 

There is a tendency in the lowest Macroural species to a trans- 
fer of the two posterior mouth appendages to the foot series, so as 
to leave but seven cephalic annuli; but it is only a modification 
of the primary type, as the species have every mark of being de- 
graded or imperfect forms, and are not examples of a new type. 

In this primary type, the species vary in length from half an 
inch to twenty inches, Two inches may be set down as the av- 
erage length and breadth for the Brachyura; while three inches 
is the average length of the Macroura, the average breadth being 
half an inch or less. 
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The second primary type among Crustacea is as well defined in 
its limits, and as distinct in its characters as the first. Instead of 
having nine annuli devoted to the senses and mouth, there are 
but seven, the mouth, including a pair of mandibles, two pairs of 
maxilla, and one of maxillipeds. The number is permanent 
and characteristic. There are, consequently, seven pairs of legs 
in these species, instead of five, the Decapod number; and the 
species have been appropriately styled the Zetradecapoda. In- 
stead of exhibiting any appearance of imperfection, or any ob- 
solescent organs, lke those lower Macroura that show a transi- 
tion to a fourteen-footed structure, the organs are all complete, 
and the whole structure is perfect in symmetry and unique in 
character. They have not a Macroural characteristic. The 
eyes are not pedicellate; there is no carapax, but a body di- 
vided into as many segments as there are legs (whence our name 
Choristopoda); the antennz, legs, and the whole internal struc- 
ture are distinct in type. The branchiw are simple sacs, either 
thoracic or abdominal. 

We have, therefore, in the Tetradecapods an expression of that 
structure of body, and that size, which belongs to a system, in 
which but seven annuli or segments are concentrated in the ce- 
phalic portion of the structure. The structure is far inferior to 
the Decapodan. The size rarely exceeds two inches, though in 
extreme cases three to four inches; and probably half an inch is 


the average length. The contrast between the first and second 
of the primary types, is therefore as distinct in the average size 
of their structures, as in their actual grade or rank. 

Superior rank among the pn ag og may be distinguished 


by some of the same points as in the Decapods. The short 
antenne, short compact bodies, and abbreviated abdomen of the 
Isopods, are proofs of their superiority of grade. The abdomi- 
nal appendages are simply branchial, and in the higher species 
are naked or non-ciliated lamellae. The transitions to a lower 
grade are seen in the elongation of these abdominal lamelle, 
their becoming ciliated, and the abdomen being also more elon- 
gated and flexible; then in the abdominal lamelle becoming 
elongated natatory appendages, and the abdomen taking a length 
usually not less than that of the thorax, as in the Amphipods, in 
which the branchiz are appendages to the thoracic legs. And 
while this elongation goes on posteriorly, there is also anteriorly 
an enlargement of the antennz, which in the Amphipoda are 
usually long organs. There are thus two secondary types of 
structure among the Tetradecapods, as among the Decapods; a 
transition group between, analogous to the Anomoura, partakes 
of some of the characters of both types, without being a distinct 
type itself. These are our Anisopoda. The species graduate 
from the Isopod degree of perfection to the Bopyri, the lowest 
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of the Tetradecapods. There is thus another analogy between 
this group and the Anomoura. 

The Trilobita probably belong with this second type, rather 
than the Entomostracan. Yet they show an abberrant character 
in two important points. First, the segments of the body are 
multiplied much beyond the normal number, as in the Phyllopoda 
among the Entomostraca; and Agassiz has remarked upon this 
as evidence of that larval analogy which characterizes in many 
cases the earlier forms of animal life. In the second place, the 
size of the body far transcends the ordinary Seapolin limit. 
This might be considered a mark of superiority; but it is more 
probably the reverse. It is an enlargement beyond the normal 
and most effective size, due to the same principle of vegetative 
growth, which accords with the inordinate multiplication of seg- 
ments in the body. 

The third primary type (the Entomostracan) includes a much 
wider variety of structure than either of the preceding, and is 
less persistent in its characteristics. It is, however, more remote 
in habit from the Tetradecapods, than from the lowest — 
and is properly a distinct group. Unlike the Decapods and Te- 
sendeangpede, there are normally but si annuli devoted to the 
senses and mouth in the highest of the species, and but five in 
others, the mouth including a pair of mandibles, and either one 
or two pairs of maxille (or maxillipeds). This is an abrupt step 
below the Tetradecapods. We exclude from these mouth organs 
the prehensile legs, called maxillipeds by some authors, as they 
are not more entitled to the name than the prehensile legs in 
Tanais, and many other Tetradecapods. There is an exception 
to the general principle in a few species. A genus of Cyproids 
has three pairs of maxillze; but this may be viewed as an exam- 
ple of the variations which the type admits of, rather than as an 
essential feature of it,—possibly a result of the process of obso- 
lescence which marks a low grade, as in the Mysidee, whose 
abdomen by losing its appendages, approximates in this respect 
to the Brachyural structure, though, in fact, far enough remote. 

The species of the Entomostracan type show their inferiority 
to either of the preceding in the absence of a series of abdominal 
appendages, and also in having the appendages of the eighth, 
— tenth, and eleventh normal rings, when present, natatory 
in form. 

The range of size is very great,—and this is a mark of their 
low grade, for in this respect they approach the Radiata, whose 
limits of size are remarkably wide. Nearly all of the species, 
and those which, by their activity, show that they possess the 
typical structure in its highest perfection, are minute, not avera- 
ging — a line in length, or perhaps more nearly three-fourths 
or a line. 
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Taking this as the true expression of the mean normal size of 
the type, the three primary types will vary in this respect as 24 
(two inches) : 6: 1. 

The size in this third type, reaches its maximum in the Limuli; 
and these are unwieldly species, whose very habits show that 
vegetative growth has given them a body beyond the successful 
control of its weak system, that is, a larger frame than it has 
power to wield with convenience, or defend, for it is at the mercy 
even of the waves upon a beach. 

This type has its highest representatives among the Cyclopoids, 
which remind us of the Mysis group of the higher Crustacea. 
In these, the cephalic part includes si out of the fourteen cepha- 
lothoracic annuli. In the Daphnioids and the Caligoids, they 
include only jive. In Limulus, only the first four can properly 
be counted as of the cephalic series. In many other Entomos- 
traca, the mouth organs are nearly as perfect legs as in Limulus, 
and the species although evidently of a low grade, cannot properly 
be removed from the group. Limulus has its nearest ally in 
Apus, although this genus has the mouth organs of a Daphnia. 

The lowest species of the type are the Lernzoids. 

A fourth primary type includes the Cirripeds. It is of the same 
rank as regards cephalization as the Entomostraca; yet, it has so 
many peculiarities of structure, that it should be regarded as a 
distinct type rather than a subordinate division of the third type. 

The mean size of the species of this group is much greater 
than the same among the higher Entomostraca. But if we regard 
the young in its active Cypris state, and compare it with the 
corres onding condition of species of Cyproids, we shall discover 
that the species have, in fact, an abnormal growth; a growth 
which takes place at the expense of the powers of motion or 
action in the individuals. The body, when it commences a se- 
dentary life, increases in magnitude far beyond the Cypris or 
Daphnia size; and there is a corresponding loss of power. The 
same force will not move a heavy structure, that is sufficient for 
the tiny model; and when the model is enlarged without a cor- 
responding increase in the seat of power, sluggish motion is the 
necessary consequence. ‘Thus it is with the Meduse. Individ- 
uals of the minuter species, or the larger species when in the 
young state, are gifted with active powers of motion; the struc- 
ture conforms to the forces within: but as the species enlarge, 
they become slow in movement, or lose almost every attribute 
of life. The same principle is illustrated again in the Bopyri. 
The male is a small active animal, related to Jera and Tanais. 
The female, of sedentary habits, becomes grossly enlarged and 
corpulent, so as to exceed by twenty-fold lineally the length of 
the male, and nearly ten thousand times its bulk. It is manifest, 
that the nervous system, or motive power of the female, is abso- 
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lutely no greater than that of the male; and consequently, the 
capabilities of locomotion will be ten thousand times less, or the 
female will move but a ten-thousandth of an inch at the most, 
while the male is moving one inch, a fact with regard to them, as 
any one is aware of who has seen the incapability of the female 
to make any progress by locomotion. This then, is an example 
beyond dispute, of a system overgrown through the vegetative 
rocess, so as to be too much for the motive energies within. 
‘he Lernzeoids afford a similar illustration of this principle. 

For the same reason, therefore, as in the Bopyri, the Medusz, 
the Lernzoids, and the Limuli, we cannot compare the actual 
mean size of the adult Cirripeds, with those of the other primary 
types. We should rather infer the mean normal size for such a 
comparison, from the size of the young before it becomes seden- 
tary, or from that of free males, if such exist. Such males are 
announced by Darwin, as actually occurring in some species. 
Moreover, they are very minute, varying from a line to half a 
line or less in fenaih. This, therefore, is some reason for taking 


as the mean normal size, the same as given for the Entomostraca, 

A fifth primary type includes the Roratorta. In these animal- 
cular species, the mouth ‘i.cludes a pair of mandibles and often 
a rudimentary pair of maxille; and consequently, the cephalic 
portion may contain the same number of annuli as in the Daphnia 
group, with which group many of them have near relations. 


They have usually an articul abdomen, furcate at extremity, 
like the Cyclopoids. The grand point of inferiority to the Ento- 
mostraca, evincing the more infinitesimal character of the system 
of life within, is the absence of all thoracic appendages or le 
The organs of locomotion are simply ciliz arranged about the 
head; and it is quite probable that two sets (or more) of them 
correspond to the second pair of antenne, as these are organs of 
prehension and motion in many Entomostraca. In Callidina, 
there are two sets, some distance from the extremity of the head, 
which may have this relation; and the two sets in the true Roti- 
fers may also be of this character. In others, the corresponding 
parts are actually somewhat elongated. 

The species vary in size from a line toa sixtieth of a line. 
Probably one-sixth of a line is the average size. 

The actual relation of the Rotatoria to the Entomostraca 
(which view the author sustained in his Report on Zoophytes 
(1845) ), can hardly be doubted by those who have the requisite 
knowledge of the lower Crustacea for comparison. The struc- 
ture of the body, the jointing and form of the abdomen, when 
it exists, the mandibles, and alimentary system, the eyes when 
wre tse are Crustacean; aad a slight transformation of some 

ntomostraca—an obliteration of the legs and substitution of 
locomotive cilise—would almost turn them into Rotatoria, 
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In the classification which has been developed, we have made 
out five primary types of structure among Crustacea. A grand 


distinction has been shown to consist in the different degrees of 


cephalization of the normal Crustacean structure. The consecra- 
tion of nine annuli, out of the fourteen cephalothoracic, to the 
senses and mouth, distinguishes the highest type; of seven, the 
second type; of sex or five, the third and fourth; of jive or four, 
the fifth. In connexion with other distinctions in these types, 
we find that they correspond to structures of different size, the 
size being directly related to the grade. These particulars may 
be tabulated as follows :— 


Typical number Mean normal length, in 


of cephalic an- _—twelfths of inches or 
nuli. lines. 
Type I. Poporuraatmia ) Subtype I. Brachyura, 9 § 24 (and breadth, 24). 
or Decapopa, IL. Macroura, 36 (and breadth, 6). 
Type IL Terrapecaropa, - - 6 
Type IIL Enromostraca, - 6-5 1 
Type IV. Crerieeptia, - - - 6-5 1 
Type V. Rorartorta, 5-4 4 


The first type is alone in having true thoracic branchiz, and 
pedicellate eyes. 

The second type has branchial sac-like appendages, either ab- 
dominal or thoracic, and sessile eyes. 

The third type has generally no branchiz, the surface of some 

art or all of the body serving for aeration. A few species, 
Cpeuren are furnished with special organs for this function. 
This is, however, no mark of superiority in such species, for 
they occur even in the Limuli, among the lowest of the Ento- 
mostraca. The necessity of them in this case arises from the 
abnormal size of the species, both the mark and occasion of its 
inferiority ; for the system is thus too Jarge for the mode of sur- 
face aeration, found among ordinary Entomostraca; moreover, 
the shell, which so large an animal possesses and requires for the 
attachment of its muscles and its movements, is thick and firm, 
and this is inconsistent with aeration by the exterior surface of 
the body. The same remarks apply to the liver glands, which 
are very small or wanting in the small species. 

The third and fourth types show their inferiority to the second, 
by the absence of a series of abdominal appendages; and the 
fifth a lower state still, in the absence of both thoracic and ab- 
dominal legs. The more degraded Macroura (certain Mysidz) 
show a transition in this obsolescence of abdominal organs to the 
third type. 

Some of the conclusions from these facts are the following. 

I. Each type corresponds to a certain system of force more or 
less centralized in the organism, and is an expression of that 
force,—the higher degree being such as is fitted for the higher 
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structures developed, the lower such as is fitted for structures of 
inferior grade and size. In other words, the life-system is of 
different orders for the different types, and the structures formed 
exhibit the extent of their spheres of action, being such as are 
adapted to use the force most effectively, in accordance with the 
end of the species. 

II. In a given type, as the first, for example, the same system 
may be of different dimensions, adapted to structures of different 
sizes. But the size in either direction for structures of efficient 
action is limited. To pass these limits, a life-system of another 
order is required. The Macroura, as they Heninials in size, 
finally pass this limit, and the organisms (Mysidz, for example) 
are no longer perfect in their members; an obsolescence of some 
parts begins to take piace, and species of this small size are 
actually complete only when provided with the structure of a 
Tetradecapod. 

The extreme size of structure admitting of the highest efficient 
activity is generally three to six times lineally the average or 
mean typical size. Of these gigantic species, three or four times 
longer than the mean type, there are examples among the 
Brachyura and Macroura, which have all the highest attributes 
of the species. There are also Amphipoda and Isopoda three 
inches in length, with full vigorous powers. Among Entomos- 
traca, the Calanide, apparently the highest group, include spe- 
cies that are three lines long, or three times the length of the 
mean type. 

III. But the limit of efficient activity may be passed; and 
when so it is attended with a loss of active powers. ‘The struc- 
ture, as in the female Bopyrus and Lernoids, and the Cirripeds, 
outgrows vegetatively the proper sphere of action of the system 
of force within. his result is especially found in sedentary 
species, as we have exemplified in our remarks on the Cirripeds. 

[V. Size is, therefore, an important element in the system of 
animal structures. As size diminishes, in all departments of 
animal life, the structure changes. To the human structure 
there is a limit; to the quadrupeds also, beyond which the struc- 
ture is an impossibility; and the same seems to be the case 
among Crustacea. The Decapod, as the size diminishes, reaches 
the lowest limit; and then, to continue the range of size in 
species, another structure, the Tetradecapodan, 1s instituted ; 
and as this last has also its limit, the Entomostracan is intro- 
duced to continue the gradation; and, as these end, the Rota- 
toria begin. Thus Crustacea are made to embrace species, from 
a length of nearly two feet (or two hundred and fifty lines) to 
that of a one-hundred-and-fiftieth of a line. These several types 
of structure among Crustacea do not graduate, as regards size, 
directly from one to another, but they constitute overlapping 
lines, as has been sufficiently shown. 


‘ 
- 
ay 


28 J. D. Dana on the Classification of Crustacea. 


V. In the opposite extreme of organic beings, the vegetable 
kingdom, the same principle is illustrated. Plants may be so 
minute as to have free motion and activity, as in animals. The 
spores of certain Algs are known to have powers of locomotion, 
and some so-called Infusoria, are now admitted to belong to the 
vegetable kingdom. These are examples of locomotive plants. 
Now, ordinary plants, like Cirripeds, are examples of sedentary 
species, that have outgrown the limits of activity. The life-sys- 
tem of a plant, is in fact sufficient in power to give locomotion 
only to the minute plant-individuals alluded to; and infusorial 
species of plants retain it, as long as they live. But when, as in 
the Algz, vegetative growth proceeds in the enlargement of the 
minute infusorial spore, it immediately outgrows its activity, and 
becomes a sedentary plant. In most other plants, the seed have 
never the minute size which admits of motion. 

The mean size of the Entomostracan type was stated to be one 
line; of the Rotatorial type, one-sixth of a line; and we may add, 
that the mean size of the Plant type—understanding by this, as 
in other cases, the mean size admitting of the highest activity— 
if deduced from the size of plant-infusoria, would be about one- 
sixtieth of a line. 

We observe, that the smallest size of the perfect Macroura 
(first type) is very nearly the mean size as to length of the ani- 
mals of the second type. So also, the smailest size of the perfect 
animal of the type is very nearly the 
mean size of the most perfect animals of the third type; and the 
smallest size of the perfect animal of the third type is nearly the 
largest size in the fifth type. 

In order to compare allied animals of different sizes, it should 
be noted, that while there is some foundation for the conclusion, 
that under certain limitations, size is a mark of grade, rapidity 
of movement or action should also be considered; and the more 
proper comparison would be between multiples of size and 
activity. This deduction, is, however, true only in the most gen- 
eral sense, and rather between species of allied groups than those 
of different types. We may occasionally find something like an 
exemplification of the law among bipeds, ludicrous though the 
idea may be. 

VI. We observe with regard to the passage in Crustacea to 
inferior grades under a given type, that there are two methods 
by which it takes place. 

1. A diminution of centralization, leading to an enlargement of 
the circumference or sphere of growth at the expense of con- 
centration, as in the elongation of the antennz and a transfer of 
the maxillipeds to the foot series, the elongation of the abdomen 
and abdominal appendages, etc. 
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2. A diminution of force as compared with the size of the 
structure, leading to an abbreviation or obsolescence of some 
circumferential organs, as the posterior thoracic legs or anterior 
antenne, or the abdominal appendages (where such appendages 
exist in the secondary type embracing the species). These cir- 
cumstances, moreover, are independent of a degradation of in- 
telligence, by an extension of the sphere of growth beyond the 

roper limits of the sphere of activity. 

VIL A classification by grades, analogous to that deduced for 
Crustacea, may no doubt be made out for other classes of animals. 
But the particular facts in the class under consideration, are not 
to be forced upon other classes. Thus, while inferiority among 
Crustacea is connected with a diminished number of annuli ce- 

halically absorbed (for the senses and mouth), it by no means 
Slee that the Insecta, which agree in the number of cephalic 
annuli with the lower Crustacea, are allied to them in rank, or 
inferior to the higher species. On the contrary, as the Insecta 
pertain to a distinct division, being aerial instead of aqueous 
animals, they can be studied and judged of, only on principles 
deduced from comparison among insects themselves. They are 
not subject to Crustacean laws, although they must exemplify 
beyond doubt, the fundamental idea at the basis of those laws. 

The views which have been explained, lead us to a modifica- 
tion, in some points, of the classification of Crustacea. The 
question, whether the eyes are pedicellate or not, upon which the 
names Podopbthalmia and Edriophthalmia are based, proves to 
be one of secondary importance. And although still available 
in distinguishing almost infallibly the species of the first type, it 
is far from rendering it necessary or natural to embrace to- 
gether under a common division the species that have sessile 
eyes (so-called Edriophthalmia), as done by most writers on this 
subject. 

The term Decapoda, in view of these principles, has a higher 
signification than has been suspected since by expressing the 
number of feet, it implies the number of cephalic annuli charac- 
terizing the species. It would not be employing it inconven- 
iently, therefore, if it were extended to embrace all the Podoph- 
thalmia, or all species of the first type, including the Mysis and 
Squilla groups. 

For a like reason, the term Tetradecapoda has a high signifi- 
cance, as applied to the species of the second type. The position 
of the Trilobita still remains in doubt. The Cirripedia and 
Entomostraca, third and fourth types, stand properly on nearly 
the same level. 
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Art. V.—On the Mode of testing Building Materials, and an ac- 
count of the Marble used in the Extension of the United States 
Cupitol ; by Professor JosrrpH Henry, Secretary of the Smith- 
sonian Institution.* 


A COMMISSION was appointed by the President of the United 
States, in November, 1851, to examine the marbles which were 
offered for the extension of the United States Capitol, which 
consisted of General Totten, A. J. Downing, the Commissioner 
of Patents, the architect, and myself. Another commission was 
subsequently appointed, in the early part of the year 1854, to 
repeat and extend some of the experiments,—the members of 
which were General Totten, Professor Bache, and myself. 

A part of the results of the first commission were given in a 
report to the Secretary of the Interior, and a detailed account 
of the whole of the investigations of these committees will ulti- 
mately be given in full in a report to Congress, and I propose 
here merely to present some of the facts of general interest, or 
which may be of importance to those engaged in similar re- 
searches. 

Although the art of building has been practised from the earli- 
est times, and constant demands have been made, in every age, 
for the means of determining the best materials, yet the process 
of ascertaining the strength and durability of stone appears to 
have received but little definite scientific attention, and the com- 
mission, who have never before made this subject a special object 
of study, have been surprised with unforeseen difficulties at every 
step of their progress, and have come to the conclusion that the 
processes usually employed for solving these questions are still 
in & very unsatisfactory state. 

It should be recollected, that the stone in the building is to 
be exposed for centuries, and that the conclusions desired are to 
be drawn from results produced in the course of a few weeks. 
Besides this, in the present state of science, we do not know all 
the actions to which the materials are subjected in nature, nor 
can we fully estimate the amount of those which are known. 

The solvent power of water, which even attacks glass, must 
in time produce an appreciable effect on the most solid material, 
particularly where it contains, as the water of the atmosphere 
always does, carbonic acid in solution. The attrition of siliceous 
dusts, when blown against a building, or washed down its sides 
by rain, is evidently operative in wearing away the surface, 
though the evanescent portion removed at each time may not be 
indicated by the nicest balance. An examination of the basin 


* From the Proceedings of the American Association for the Advancement of 
Science, held at Providence, R. L, August, 1855. New York: 1856. 
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which formerly received the water from the fountain at the 
western entrance of the Capitol, now deposited in the Patent 
Office, will convince any one of the great amount of action pro- 
duced principally by water charged with carbonic acid. Again, 
every flash of lightning not only generates nitric acid,—which, 
in solution in the rain, acts on the marble,—but also by its in- 
ductive effects at a distance produces chemical changes along 
the moist wall, which are at the present time beyond our means 
of estimating. Also the constant variations of temperature 
from day to day, and even from hour to hour, give rise to mole- 
cular motions which must affect the durability of the material 
of a building. Recent observations on the pendulum have 
shown that the Bunker Hill Monument is scarcely for a moment 
in a state of rest, but is constantly warping and bending under the 
influence of the varying temperature of its different sides. 

Moreover, as soon as the polished surface of a building is made 
rough from any of the causes aforementioned, the seeds of mi- 
nute lichens and mosses, which are constantly floating in the at- 
mosphere, make it a place of repose, and by the growth and 
decay of the microscopic plants which spring from these, discol- 
oration is produced, and disintegration is assisted. 

But perhaps the greatest source of the wearing away in a cli- 
mate like ours, is that of the alternations of freezing and thawing 
which take place during the winter season; and though this 
effect must be comparatively powerful, yet, in good marble, it 
requires the accumulated effect of a number of years in order 
detinitely to estimate its amount. From all these causes, the 
commission are convinced that the only entirely reliable means 
of ascertaining the comparative capability of marble to resist the 
weather, is to study the actual effects of the atmosphere upon it, 
as exhibited in buildings which for years have been exposed to 
these influences. Unfortunately, however, in this country, but 
few opportunities for applying this test are to be found. It is 
true some analogous information may be derived from the exam- 
ination of the exposed surfaces of marble in their out-crops at 
the quarry ; but in this case the length of time they have been 
exposed, and the changes of actions to which they may have 
been subjected, during, perhaps, long geological periods, are un- 
known; and since different quarries may not have been exposed 
to the same action, they do not always afford deffnite data for 
reliable comparative estimates of durability, except where differ- 
ent specimens occur in the same quarry. 

As we have said before, the art of testing the quality of stone 
for building purposes is at present in a very imperfect state; the 
object is to imitate the operations of nature, and at the same 
time to hasten the effect by increasing the energy of the action, 
and, after ail, the result may be deemed but as approximative, 
or, to a considerable degree, merely probable. 
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About twenty years ago an ingenious process was devised b 
M. Brard, which consists in saturating the stone to be tested wit 
a solution of the sulphate of soda. he drying, this salt crystal- 
lizes and expands, thus producing an exfoliation of surface which 
is supposed to imitate the effect of frost, Though this process 
has been much relied on, and generally employed, recent investi- 
gations made by Dr. Owen lead us to doubt : its perfect analogy 
with that of the operations of nature. He found that the results 
produced by the actual exposure to freezing and thawing in the 
air, during a portion of winter, in the case of the more porous 
stones, roduced very different results from those obtained by 
the drying of the salt. It appears from his experiments, that 
the action of the latter is chemical as well as mechanical. 

The commission, in consideration of this, have wt se to 
produce results on the stone by freezing and thawing by means 
of artificial cold and heat. This process is, however, laheotoe; 
each specimen must be enclosed in a separate box fitted with a 
cover, and the amount of exfoliation produced is so slight, that 
in good marble the operation requires to be repeated many times 
before reliable comparative results can be obtained. In prose- 
poset this part of the i inquiries, unforeseen difficulties have oc- 
curred in ascertaining precisely the amount of the disintegration, 
and it has been found that the results are liable to be vitiated by 
circumstances which were not in view at the commencement of 
the inquiries. 

It would seem at first sight, and the commission when they 
undertook the investigation were of the same opinion, that but 
little diffievlty would “be found in ascertaining the strength of 
the various specimens of marbles. In this, howev er, they were 
in error. The first difficulty which occurred was to procure the 
proper instrument for the purpose. On examining the account 
of that used by Rennie, ai described in the Transactions of the 
Royal Society of Ix mdon, the commission found that its construc- 
tion involved too much friction to allow of definite comparative 
results. Friction itself has to be overcome, as well as the resist- 
ance to compression, and since it increases in proportion to the 
pressure, the stronger stones would appear relatively to with- 
stand too great a compressing force. 

The commission first examined an instrument—a hydraulic 
erage hich had previously been used for experiments of this 

<ind, but found that it was liable to the same objection as that 
of the machine of Rennie. They were, however, extremely for- 
tunate subsequently in obtaining, through the politeness of Com- 
modore Ballard, commandant of the Navy Yard, the use of an 
admirable imstrument devised by Major Wade, late of the Uni- 
ted States Army, and constructed under his direction, for the 
purpose of testing the strength of gun metals. This instrument 
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consists of a compound lever, the several fulcra of which are 
knife-edges, opposed to hardened steel surfaces. The commis- 
sion verified the delicacy and accuracy of the indications of this 
instrument by actual weighing, and found, in accordance with 
the description of Major ‘Wa e, the equilibrium was produced 
by one pound in opposition to two hundred. In the use of this 
instrument the commission were much indebted to the experience 
and scientific knowledge of Lietenant Dahlgreen, of the Navy 
Yard, and to the liberality with which all the appliances of that 
important public establishment were put at their disposal. 

Specimens of the different samples of marble were prepared 
in the form of cubes of one inch and a half in dimension, and 
consequently exhibiting a base of two and a quarter square 
inches. These were dressed by ordinary workmen with the use 
of a square, and the opposite sides made as nearly parallel as 
possible by grinding by lend on a flat surface. They were then 
placed between two thick steel plates, and in order to insure an 
equality of pressure, independent of any want of perfect paral- 
lelism and flatness on the two opposite surfaces, a thin plate of 
lead was interposed above and below between the stone and 
the plates of steel. This was in accordance with a plan adopted 
by Rennie, and that which appears to have been used by most, 
if not all, of the subsequent experimenters in researches of 
this kind. Some doubt, however, was expressed as to the ac- 
tion of interposed lead, which induced a series of experiments to 
settle this question, when the remarkable fact was discovered, 
that the yielding and approximately equable pressure of the lead 
caused the stone to give way at about half the pressure it would 
sustain without such an interposition. For example, one of the 
cubes, precisely similar to another which withstood a pressure of 
upwards of 60,000 pounds when placed in immediate contact 
with the steel plates, gave way at about 30,000 with lead inter- 
posed. This remarkable fact was verified in a series of experi- 
ments, embracing samples of nearly all the marbles under trial, 
and in no case did a single exception occur to vary the result. 

The explanation of this remarkable phenomenon, now that it 
is known, is not difficult. The stone tends to give way by bulg- 
ing out in the centre of each of its four perpendicular faces, and 
to form two pyramidal figures, with their —_= opposed to each 
other at the centre of the cube, and their bases against the steel 
plates. In the case where rigid equable pressure 1s employed, as 
in that of the thick steel plate, all parts must give way together. 
But in that of a yielding equable pressure, as in the case of inter- 
posed lead, the stone first gives way along the lines of least re- 
sistance, and the remaining pressure must be sustained by the 
central portions around the vertical axis of the cube. 
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After this important fact was clearly determined, lead and all 
other interposed substances were discarded, and a method devised 
by which the upper and lower surfaces of the cube could be 
ground into perfect parallelism. This consists in the use of a 
rectangular iron frame, into which a row of six of the specimens 
could be fastened by a screw at the end. The upper and lower 
surfaces of this iron frame were wrought into perfect parallelism 
by the operation of a planing machine. The stones being fas- 
tened into this, with a small portion of the upper and lower parts 
projecting, the whole were ground down to a flat surface, until 
the iron and the face of the cubes were thus brought into a 
continuous plane. ‘The frame was then turned over, and the op- 
posite surfaces ground in like manner. Care was of course taken 
that the surfaces thus reduced to perfect parallelism, in order to 
receive the action of the machine, were parallel to the natural 
beds of the stone. 

All the specimens tested were subjected to this process, and in 
their exposure to pressure were found to give concordant results. 
The crushing force exhibited in the subjoined table is much 
greater than that heretofore given for the same material. 

The commission have also determined the specific gravities of 
the different samples submitted to their examination, and also 
the quantity of water which each absorbs. 

They consider these determinations, and particularly that of 
the resistance to crushing, tests of much importance, as indica- 
ting the cohesive force of the particles of the stone, and its ca- 
pacity to resist most of the iniluences before mentioned. 

The amount of water absorbed may be regarded as a measure 
of the antagonistic force to cohesion, which tends, in the expan- 
sion of freezing, to disintegrate the surface. In considering, 
however, the indication of this test, care must be taken to make 
the comparison between marbles of nearly the same texture, be- 
cause a coarsely crystallized stone may apparently absord a small 
quantity of water, while in reality the cement which unites the 
crystals of the same stone may absorb a much larger quantity. 
That this may be so was ‘duly established in the experiments 
with the coarsely crystallized marbles examined by the commis- 
sion. When these were submitted toa liquid which slightly 
tinged the stone, the coloration was more intense around the 
margin of each crystal, indicating a greater amount of absorp- 
tion in these portions of the surface. 

The marble which was chosen for the Capitol is a dolomite, 
or is composed of carbonate of lime and magnesia in nearly 
atomic proportions. It was analyzed by Dr. Torrey of New 
York, and Dr. Genth of Philadelphia. According to the analy- 
sis of the former, it consists, in hundredth parts, of 
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Carbonate of lime, . ‘ 54°621 
Carbonate of magnesia, . : ‘ : . 43°932 


Carbonate of protoxyd of iron, "365 
Carbonate of protoxyd of manganese, . . (a trace.) 


Water and loss, . 610 


The marble is obtained from a quarry in the southeasterly 
art of the town of Lee, in the State of Massachusetts, and be- 
ongs to the great deposit of primitive limestone which abounds 
in that part of the district. It is generally white, with occasional 
blue veins. The structure is fine-grained. Under the micro- 
scope it exhibits fine crystals of colorless mica, and occasionally 
also small particles of bisulphuret of iron. Its specific gravity 
is 28620; its weight 17887 lbs. per cubic foot. It absorbs 103 
parts of an ounce per cubic inch, and its porosity is great in 
proportion to its power of resistance to pressure. It sustains 
23,917 Ibs. to the square inch. It not only absorbs water by 
capillary attraction, but, in common with other marbles, suffers 
the diffusion of gases to take place through its substance. Dr. 
Torrey found that hydrogen and other gases, separated from each 
other by slices of the mineral, diffuse themselves with consider- 
able rapidity through the partition. ; 

This marble, soon after the workmen commenced placing it in 
the walls, exhibited a discoloration of a brownish hue, no trace 
of which appeared so long as the blocks remained exposed to 
the air in the stone-cutter’s yard. A variety of suggestions and 
experiments were made in regard to the cause of this remarka- 
ble phenomenon, and it was finally concluded that it was due to 
the previous absorption by the marble of water holding in solu- 
tion a small portion of organic matter, together with the absorp- 
tion of another portion of water from the mortar. 

To illustrate the process, let us suppose a fine capillary tube, 
the lower end of it immersed in water, and of which the internal 
diameter is sufficiently small to allow the liquid to rise to the 
top, and be exposed to the atmosphere; evaporation will take 
place at the upper surface of the column, a new portion of water 
will be drawn in to supply the loss; and if this process be con- 
tinued, any material hich may be dissolved in the water, or 
mechanically mixed with it, will be found deposited at the upper 
orifice of the tube, or at the point of evaporation. 

If, however, the lower portion of the tube be not furnished 
with a supply of water, the evaporation at the top will not take 
place, and the deposition of foreign matter will not be exhibited, 
even though the tube itself may be filled with water impregna- 
ted with impurities. The pores of the stones so long as the 
blocks remain in the yard are in the condition of the tube not 
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supplied at its lower end with water, and consequently no cur- 
rent takes place through them, and the amount of evaporation is 
comparatively small; but when the same blocks are placed in 
the wall of the building, the absorbed water from the mortar at 
the interior surface gives us the supply of the liquid necessary 
to carry the coloring material to the exterior surface, and deposit 
it at the outer orifices of the pores. 

The cause of the phenomenon being known, a remedy was 
readily suggested, which consisted in covering the surface of the 
stone to be imbedded in mortar with a coating of asphaltum. 
This remedy has apparently proved successful. The 
tion is gradually disappearing, and in time will probably be en- 
tirely imperceptible. 

This marble, with many other specimens, was submitted to 
the freezing process fifty times in succession. It generally re- 
mained in the freezing mixture for twenty-four hours, but some- 
times was frozen twice in the same day. The quantity of mate- 
rial lost was ‘00315 parts of an ounce. On these data Captain 
Meigs has founded an interesting calculation, which consists in 
determining the depth to which the exfoliation extended below 
the surface as the effect of its having been frozen fifty times. 
He found this to be very nearly the ten-thousandth part of an 
inch. Now, if we allow the alternations of freezing and thaw- 
ing in a year on an average to be fifty times each, which in this 
latitude, would be a liberal one, it would require ten thousand 
years for the surface of the marble to be exfoliated to the depth 
of one inch. This fact may be interesting to the geologist as 
well as the builder. 

Quite a number of different varieties of marble were experi- 
mented upon. <A full statement of the result of each will be 
given in the reports of the committees. 

At the meeting of the Association at Cleveland, J made a com- 
munication on the subject of cohesion. The paper, however, was 
mance at the last hour; the facts were not fully stated, and 

ave never been published. I will, therefore, occupy your time 
in briefly presenting some of the facts I then intended to com- 
municate, and which I have since verified by further experiments 
and observations. 

In a series of experiments made some ten years ago, I showed 
that the attraction for each other of the particles of a substance 
in a liquid form was as great as that of the same substance in a 
solid form. Consequently, the distinction between liquidity and 
solidity does not consist in a difference in the attractive power 
oceasioned directly by the repulsion of heat; but it depends 
upon the perfect mobility of the atoms, or a lateral cohesion. 
We may explain this by assuming an incipient crystallization of 
atoms into molecules, and consider the first effect of heat as that 


a 
0 
OD 
P 
4 
0 
t 
b 
t 
a 
0 
2 
’ 
t 
0 
t 
ti 
0 
0 
8 
t 
b 
‘ 
s 
d 


J. Henry on testing Building Materials. 37 


of breaking down these crystals, and permitting each atom to 
move freely around every other. When this crystalline arrange- 
ment is perfect, and no lateral motion is allowed in the atoms, 
the body may be denominated perfectly rigid. We have ap- 
proximately an example of this in cast-steel, in which no slip- 
ping takes place of the parts on each other, or no material elon- 
gation of the mass; and when a rupture is produced by a tensile 
force, a rod of this material is broken with a transverse fracture 
of the same size as that of the original section of the bar. In 
this case every atom is separated at once from the other, and the 
breaking weight may be considered as a measure of the attrac- 
tion of cohesion of the atoms of the metal. 

The effect, however, is quite different when we attempt to pull 
apart arod of lead. The atoms or molecules slip upon each 
other. The rod is increased in length, and diminished in thick- 
ness, until a separation is produced. Instead of lead, we ma 
use still softer materials, such as wax, putty, &c., until at lengt 
we arrive at a substance in a liquid form, This will stand at 
the extremity of the scale, and between extreme rigidity on the 
one hand, and extreme liquidity on the other, we may find a 
series of substances gradually holing from one extremity to 
the other. 

According to the views I have presented, the difference in the 
tenacity in steel and lead does not consist in the attractive cohe- 
sion of the atoms, but in the capability of slipping upon each 
other. From this view, it follows that the form of the material 
ought to have some effect upon its tenacity, and also that the 
strength of the article should depend in some degree upon the 
process to which it had been subjected. 

For example, I have found that softer substances, in which 
the outer atoms have freedom of motion, while the inner ones 
by the pressure of those exterior are more confined, break un- 
equally; the inner fibres, if I may so call the rows of atoms, 
give way first, and entirely separate, while the exterior fibres 
show but little indications of a change of this kind. 

If a cylindrical rod of lead three quarters of an inch in diam- 
eter be turned down on a lathe in one part to about half an inch, 
and then be gradually broken by a force exerted in the direction 
of its length, it will exhibit a cylindrical hollow along its axis 
of half an inch in length, and at least a tenth of an inch in di- 
ameter. With substances of greater rigidity this effect is less 
mi pee but it exists even in iron, and the interior fibres of a 
rod of this metal may be — separated, while the outer sur- 
face presents no appearance of change. 

From this it would appear that metals should never be elon- 
gated by mere stretching, but in all cases by the process of wire- 
drawing, or rolling. A wire or bar must always be weakened 
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by a force which permanently increases its length without at the 
same time compressing It. 

Another effect of the lateral motion of the atoms of a soft 
heavy body, when acted upon by a percussive force with a ham- 
mer of small dimensions in comparison with the mass of metal, 
—for example, if a large shaft of iron be hammered with an or- 
dinary sledge,—is a tendency to expand the surface so as to 
make it separate from the middle portions. The interior of the 
mass by its own inertia becomes as it were an anvil, between 
which and the hammer the exterior portions are stretched longi- 
tudinally and transversely. I here exhibit to the Association a 

iece of iron originally from a square bar four feet long, which 

as been so enema as to sotlens a perforation of the whole 
length entirely through the axis. The bar could be seen through, 
as if it were the tube of a telescope. 

This fact appears to me to be of great importance in a practi- 
cal point of view, and may be connected with many of the la- 
mentable accidents which have occurred in the breaking of the 
axles of locomotive engines. These, ir all cases, ought to be 
formed by rolling, and not with the hammer. 

The whole subject of the molecular constitution of matter 
offers a rich field for investigation, and isolated facts, which are 
familiar to almost every one when attentively studied, will be 
made to yield results alike interesting to abstract science and 
practical art. 


Art. VI.—On the Occurrence of the Ores of Iron in the Azoic 
System ; by J. D. WHitNey.* 


THE object of the present communication is to call attention to 
the geological position and mode of occurrence of one of the 
most interesting and important classes of the ores of iron, namely, 
those which are associated with rocks of the Azoic System. 

The term Azoic, first employed by Murchison and De Verneuil 
in their description of the geology of the Scandinavian Peninsula, 
has been adopted by Mr. Foster and myself in our Reports on 
the Geology of the Lake Superior Land District, and has been 
shown by us to be applied with propriety to a series of rocks 
which covers an immense space in the Northwest. We have 
called attention to the fact, that this system of rocks, wherever it 
has been demonstrated to exist, has been found characterized by 
the presence of deposits of ores of iron, developed on a scale of 
magnitude beyond anything which occurs in any of the succeed- 
ing geological groups or systems of rocks. 

* Proceedings of the American Association for the Advancement of Science, 
Ninth Meeting, held at Providence, R. L, August, 1855, p. 209. 
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In illustration of these views, we have briefly described some 
of the great ferriferous districts of the world, and particularly 
those of Lake Superior, Scandinavia, Missouri, a Northern 
New York, all of which exhibit a most marked analogy with 
each other, both in regard to the mode of occurrence and the 
geological position of the ores. The two last-named regions, 
however, not having been thoroughly examined by us in person, 
we were obliged to content ourselves with information obtained 
from others, in making a comparison of their most striking 
features. 

Strongly impressed with the interest attaching to this subject, 
I availed myself of the first opportunity, after the publication of 
our Report, to visit the iron regions of Missouri and Northern 
New York, from the last-named of which I have just returned, 
after a careful examination of the most important localities where 
ore is now mined in that district. While it is intended to take 
another opportunity for giving a minute and detailed account 
of this region, I may be permitted to recapitulate here the prin- 
cipal points maintained i Mr. Foster and myself, to the gen- 
eral correctness of which my more recent explorations have 
furnished me with additional evidence. 

We maintain therefore,— 

1. That deposits of the ores of iron exist in various parts of 
the world, which in extent and magnitude are so extraordinary 


. 


as to form a class by themselves. .The iron — mentioned 


above offer the most striking examples of the deposits now re- 
ferred to. 

2. That the ores thus occurring have the same general charac- 
ter, both mineralogically and in their mode of occurrence, or 
their relations of position to the adjacent rocks. 

3. That these Sepeaite all belong to one geological position, 
and are characteristic of it. 

The extent of the workable deposits of the ores of the useful 
metals is usually quite limited. Most of the veins which are 
wrought in mines throughout the world are but a few feet in 
width, often not more than a few inches. This is true of the ores 
occurring in veins. In sedimentary metalliferous deposits, such 
as those of the ores of iron in the carboniferous, the horizontal 
extent is often very considerable; but the vertical range is so 
limited, that the most extensive basins may be in time exhausted, 
when worked on so extensive a scale as is the case in some of the 
celebrated iron districts of Great Britain. The deposits of iron 
in the azoic, however, are many of them developed on a scale 
of such magnitude, that the term “ mountain masses” may be 
applied to them without exaggeration, while, from the very nature 
of their occurrence, they must extend indefinitely downwards, 
and cannot be exhausted. Thus the great iron mountain of 
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Gellivara, in Sweden, has a length of three or four miles, and a 
width of not less than a mile and a half. Of course such a mass 
of ore, without limit in depth, might be worked on the most en- 
larged scale for any length of time without fear of exhaustion, 
The same may be said of some of the iron knobs and ridges of 
Lake Superior and of Missouri. They form veritable mountains 
of ore, and ages must elapse before their dimensions will have 
been perceptibly diminished. This is not necessarily the case 
with all the localities of ore of these districts. indeed, in 
Northern New York and in Scandinavia, although there are 
accumulations of iron which may be measured by hundreds of 
feet, or even by miles, yet those which are best known and most 
worked are of much more reasonable dimensions. 

The character of the ores thus occurring is mineralogically 
peculiar. They consist uniformly of the oxyds, either the mag- 
netic or the specular. Hydrous ores, carbonates and the like, are 
altogether wanting, unless it be upon the borders of the ore de- 
posits, where a secondary metamorphic action between the fer- 
riferous mass and the adjacent rocks may have taken place. The 
oxyds found in this geological position are in general remarkably 
free from all injurious substances, such as sulphur, arsenic, lead, 
or zinc, and usually the approach to chemical purity in the ores 
is in proportion to the extent of the mass, the largest deposits 
being the purest. The principal foreign ingredient mixed with 
these ores is silica, which is always present, although frequently 
in minute quantity. Indeed, the analyses of the Lake Superior 
and Missouri ores show, in some instances, a surprisingly near 
approach to a state of absolute purity. It would not be difficult 
in some localities to procure large quantities of an ore not con- 
taining more than two or three tenths of one per cent of foreign 
matter, and that exclusively silica. The purity of the ores may 
be inferred from the high character and value of the iron manu- 
factured from them when they have been skilfully worked, as, 
for instance, in Sweden. Some samples of iron manufactured 
from Lake Superior ore have, when tested, exhibited a degree of 
tenacity unequaled by that from any other part of the world. 
The ores of Lake Superior and Missouri are mostly peroxyds; 
those of Northern New York almost exclusively magnetic; 
while in Scandinavia the magnetic and specular ores are both of 
frequent occurrence. ‘Those of New York, are often coarse- 
grained and highly crystalline, while the peroxyds of Lake 
Superior and Missouri are rarely distinctly crystallized, but are 
very compact. 

The mode of occurrence of these ores in the regions above 
mentioned is so peculiar, that, from this point of view alone, it is 
apparent that these deposits should be classed together as distinct 
from those in the later geological formations. In all the charac- 
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teristics of true veins, the great masses of ore now under consid- 
eration are wholly wanting. Some of the least important of them 
approach much nearer to segregated veins, and might with pro- 
priety be classed with them, were they not developed on so large 
ascale as to render it difficult to conceive of segregation as a 
sufficient cause for their production. 

In the case of the most prominent masses of ore of these 
regions there is but one hypothesis which will explain their vast 
extent aud peculiar character. They are simply parts of the 
rocky crust of the earth, and, like other igneous rocks, have 
been poured forth from the interior in the molten or plastic state. 
No other origin can be assigned to the dome-shaped and conical 
masses of Lake Superior and Missouri, or to the elongated ridges 
of the first-named region. The Iron Mountain of Missouri forms 
a flattened dome-shaped elevation, whose base covers a surface 
of a little less than a square mile, and which rises to a height of 
200 feet above the general level of the adjacent country. The 
surface of the mountain, where bare of soil, is found to be cov- 
ered with loose blocks of peroxyd of iron, without any ad- 
mixture of rocky pebbles or fragments, which increase in size 
in ascending to the summit, where large blocks of ore many 
tons in weight lie scattered about, and piled upon each other. 
It is a most singular fact, that the ore is nowhere seen in 
place about the mountain, although the whole mass evidently 
consists of nothing else. Near its base, an excavation sev- 
enteen feet.deep has been made, which exhibits nothing but 
small, somewhat rounded fragments of ore closely compacted 
together, without any other substance present except a little 
red, ferruginous clay, which seems to have been formed by the 
friction of the masses against each other. This feature in the 
Iron Mountain is one of peculiar interest, and one which it 
seems difficult to explain. Evidences of drift action in this re- 
gion are exceedingly faint. The ore itself is one which seems 
little likely to undergo decomposition from any exposure to 
atmospheric changes. The blocks upon the summit, although 
somewhat moss-grown, have their angles and edges but little 
rounded. As a key to the origin of the ore, we find in close 
proximity on the north a long elevation of a reddish porphyry 
of unmistakably eruptive character, connected with the Iron 
Mountain by a narrow ridge of a rock composed of iron ore and 
feldspathic rock, showing that the porphyritic ridge and the ore- 
mass must have originated at one and the same time, and in the 
same way. 

The eruptive origin of the great Lake Superior ore-masses 
seems also well sustained by the phenomena which they exhibit. 
They alternate with trappean ridges whose eruptive origin cannot 
be doubted, and which, themselves, contain so much magnetic 
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oxyd disseminated through their mass, as one of their essential 
ingredients, that they might almost be called ores. These erup- 
tive masses include the largest and purest deposits of ore which 
are known in the Lake Superior or the Missouri iron regions; 
but there are other localities in both these districts where the 
mode of occurrence of the ore is somewhat different, and where 
the evidences of a direct igneous origin are less marked. This 
class comprehends those lenticular masses of ore which are usu- 
ally included within gneissoidal rocks, and whose dip and strike 
coincide with that of the gneiss itself, but whose dimensions are 
limited. Such is the character of most of the Swedish deposits, 
and of many of those of Northern New York. Such beds of ore 
as these may in some cases be the result of segregating action; 
but the facts seem rather to indicate that they are made up of 
the ruins of preéxisting igneous masses, which have been broken 
and worn down, during the turbulent action which we may 
suppose to have been preéminently manifested during the azoic 
epoch, and then swept away by currents, and deposited in the 
depressions of the sedimentary strata in process of formation. 
In confirmation of this hypothesis in regard to the origin of 
these lenticular masses of ore in the gneissoidal rocks, it may 
be noticed that the ores occurring in this form and position are 


_ less pure than those of decidedly igneous origin, as if they had 


become more or less mixed with sand during the process of re- 
construction, so that they not unfrequently require to be separated 
from their earthy impurities by washing before they can be ad- 
vantageously used. Again, it may be observed in the case of 
some of the ore-beds of this class, that the bed-rock or foot-wall 
is considerably rougher or more irregular in its outline than the 
hanging wall or roof, as if depositions had taken place upon a 
surface originally rough and uneven, the upper surface of the 
ore being considerably smoother and more regular than the lower 
one, and sometimes separated from the rock above by a thin 
seam of calcareous matter. 

There is still another form of deposit which is not unfre- 
quently met with in the Lake Superior region, and which ma 
be seen on a grand scale in the Pilot Knob of Missouri. This 
consists of a series of quartzose beds of great thickness, and 
wor gradually into specular iron, which frequently forms 

ands of nearly pure ore, alternating with bands of quartz more 
or less mixed with the same substance. Some of the deposits in 
the Lake Superior region are of this class, and they are ve 
extensive, and capable of furnishing a vast amount of ore, X 
though most of it is so mixed with silicious matter, as to require 
separating by washing, before use. Heavy beds of nearly pure 
ore occur at the Pilot Knob, interstratified with beds of a poorer 
quality. Deposits of this character are usually very distinctly 
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bedded, and the ore shows a greater tendency to cleave into thin 
lamin parallel with the bedding, in proportion to its freedom 
from silicious matter. These deposits seem to have been of sedi- 
mentary origin, having been originally strata of silicious sand, 
which has since been metamorphosed. The iron ore may have 
been intreduced either by the sublimation of metalliferous vapors 
from below during the deposition of the silicious particles, or by 
precipitation from a ferriferous solution, in which the stratified 
rocks were in process of formation. 

The great deposits of ore which have been alluded to above, 
agreeing as they do in the characteristic features of their mode 
of occurrence, especially in the magnitude of the scale on which 
they are developed, are all, beyond doubt, situated in the same 
geological “agence they all belong to the oldest known system 
of rocks, the azoic. This name was first applied by Murchison 
to the ferriferous rocks of Scandinavia, a the geological posi- 
tion of the great iron regions of this country is precisely similar 
to those of Sweden. There is ample evidence that the lowest 
known fossiliferous strata, characterized by the same peculiar 
types of organic life, both in this country and in Europe, rest 
wiformly upon the iron-bearing strata throughout the Northwest, 
from New York to Missouri and Arkansas. 

We have thus seen that the earliest geological epoch was char- 
acterized by the presence of the ores of iron in quantity far 
exceeding that of any succeeding one; indeed, we may infer that 
the ruins of the iron ores of this class have furnished the mate- 
rial from which many of the ores of more recent geological age 
may have been derived. The condition of things in reference to 
the ores of iron which existed during the azoic period underwent 
a complete change, and rarely do we find in any fossiliferous rocks 
any signs of unmistakably eruptive ores. It is certain that we 
nowhere, out of the azoic system, find masses of ore of such extent 
and purity as those which have just been alluded to. By far the 
larger portion of the azoic series on the earth’s surface being cov- 
ered up by the fossiliferous rocks, the ore which that formation 
contains is equally concealed, and it is only in those regions 
where no deposition of newer strata upon the oldest rocks has 
taken place that the treasures of iron are made accessible. In this 
respect our country is preéminently favored, and there can be 
no doubt that the immense deposits of iron ore stored away in 
the Northwest are destined at some future time to add to our 
national wealth more than has been or ever will be contributed 
by the gold of California. It may seem absurd to speculate on 
the exhaustion of the stratified ores of England or of the Eastern 
United States; yet nothing is more certain, than that the present 
rate of production in the former country cannot be kept up for 
any very great length of time, without making the cost of pro- 
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curing ore so great, that other regions which now seem very 
remote from a market will be able to compete with the most 
favored iron-producing districts of England. 

Practically, the views which have been presented above are of 
importance, as leading us to expect large and valuable deposits 
of the ores of iron wherever the azoic rocks are found to exist 
over any considerable surface. Thus it may safely be predicted 
that important discoveries of ore will be made, in the now almost 
unexplored regions of British America, which are covered by 
rocks of the azoic period. Indeed, large beds of ore have already 
been found in Canada, which are, in character and position, anal- 
ogous to those of Northern New York. 


Art. VII.—Obituary of Professor Zadoc Thompson.* 


Professor ZApoc THompson, died at Burlington on the 19th 
day of January, 1856, of ossification of the heart. He was born 
in Bridgewater, Windsor County, Vermont, in the year 1796, 
and, at the time of his death, must have been in the sixtieth 
year of his age. His early life was a.continual struggle with 
voverty, and his education was acquired while successfully com- 

atting the evils of pecuniary embarrassment. At the advanced 


age of twenty-seven years he was graduated at the University of 

ermont, having for his classmate in 1823, the Hon. Frederick 
H. Allen, an eminent lawyer now living in Boston, and War- 
ren Hoxie, of Westford, Vermont. Within a twelve-month from 
his graduation he published at Montpelier his “Gazetteer of 
Vermont,” pp. 812; and, in 1833, he published, at Burlington, 
his “ History of Vermont from its earliest settlement to the close 
of the year 1832,” pp. 252. In the year 1832, he was editor of, 
and principal contributor to, the “Green Mountain Repository,” 
a monthly magazine published for about a year in Burlington. 
After pursuing his study of theology, and occasionally teaching 
at the “Vermont Episcopal Institute” and elsewhere, he was 
ae for orders and was ordained to the diaconate in the 

rotestant Episcopal Church by the Rt. Rev. Bishop Hopkins, 
in 1836. He subsequently preached in several parishes in 
Northern Vermont and New York, and supplied the pulpit at 
St. Paul’s Church, Burlington, during the illness or absence of 
the rector; but his feeble health prevented his assuming the ac- 
tive and onerous labors of a parish. 

From the time of the publication of the books above men- 
tioned, he had contemplated a larger and more comprehensive 


* Communicated to the Franklin (Vt.) County Journal, and sent to this Journal 
by the author, George F, Houghton, Esq. 
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work which should embrace the General History of Vermont, 
both natural and civil. From 1888 to 1842 he devoted the 
greater part of his time to preparing and publishing his “ Nat- 
ural, Civil and Statistical History of Vermont.” 

The prosecution of this purpose necessarily brought him into 
contact or correspondence with the naturalists of the country. 
In completing his account of the birds of Vermont, he was 
greatly assisted by Dr. Thomas M. Brewer, of Boston; and in de- 
termining several species of reptiles and fishes, he was aided by 
Dr. D. H. Storer, also of Boston. For a full description of our 
molluscous animals, he was indebted to Prof. Charles B. Adams, 
then of Middlebury College, and to Prof. George W. Benedict, 
then of the University of Vermont. For his catalogue of plants, 
he was indebted to the late William Oakes, of Ipswich, Mass., 
to Prof. Joseph Torrey, William F. Macrae, John Carey, and 
others. With these aids in his arduous labors, Prof. Thomp- 
son succeeded in embracing in his work everything of special 
importance relative to the Natural and Civil History of Ver- 
mont; and published it in so condensed and cheap a form as to 
place it within the reach of every family in the State, having 
but little regard to a pecuniary recompense from the sale of a 
book which had cost him so much travel, research, time and ex- 
pense in its preparation. 

Prof. Thompson found time also to prepare annual astronomi- 
cal calculations for the Messrs. Waltons of Montpelier, and to 
publish a valuable arithmetic and elementary work on the Geol- 
ogy and Geography of Vermont, for the use of schools, both 
written in the systematic, lucid and condensed manner which im- 
parted so mucli value to all of his publications. 

In 1845, Governor Slade appointed Prof. Charles B. Adams 
State Geologist, and, with the approbation of the Governor, the 
latter made Prof. Thompson one of his assistants in the field la- 
bor. In connection with the Rey. S. R. Hall, the other assist- 
ant, he visited and explored, “more or less thoroughly,” about 
110 townships in one season. Prof. Thompson was actively 
engaged in this important scientific labor until the Legislature of 
Vermont neglected to make an appropriation for a final report on 
the geology of our State, and thus permitted the materials, man- 
uscripts, books, and specimens belonging to the survey to remain 
at Montpelier and Burlington, locked up in about fifty boxes. 
The brief and expressive report of Prof. Thompson addressed to 
Gov. Coolidge, in October, 1849, was published in the Appendix 
of the House Journal for that year and is a sad commentary on 
the folly of which our State has been guilty in regard to the 
matter of a geological survey. After the suspension of the geo- 
logical survey, Dr. Horace Eaton, Governor of the State in 1847, 
appointed Prof. Thompson to carry out the resolution of the 
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Legislature in relation to international literary and scientific ex- 
changes; and in pursuance of his appointment he presented the 
exchange system in its clearest light, so that it commended itself 
to the “ approbation of every benevolent mind.” The preparation 
of the report of “ Proceedings and Instructions,” which, by the 
way, was beautifully printed in a pamphlet of 80 pages, reflected 
great credit upon Mr. Thompson, wl upon the State, and it is 
greatly to be deplored that the historical interest which was then 
awakened throughout the State by the visit of the founder of 
the system of exchanges, and by the labors of such men as Prof. 
Thompson, Hon. Hiland Hall, of Bennington, Henry Stevens, of 
Barnet, Daniel P. Thompson, of Montpelier, Prof. James D. But- 
ler, then of Norwich, Vt., and others, should so soon and so 
thoroughly have subsided and become almost extinct. 

In June, 1850, Prof. Thompson delivered, upon invitation, an 
address at Boston before the Boston Society of Natural History, 
in which he made the announcement that “what he had accom- 
plished in the business of Natural History, he had done without 
any associates engaged in like pursuits, without having any access to 
collections of specimens, and almost without books.” In that ex- 
cellent address, (which was printed by his devoted friend and 
neighbor, Chauncey Goodrich, Esq., in 1850, in a pamphlet of 
32 pages,) he illustrated the importance and difficulties of a 
thorough cultivation of natural history in country places, insist- 
ing that a habit of observation and comparison of objects of 
natural history could be as quickly acquired in the country 
as in the city, and urging that the study of natural history 
should be more generally taught in our common schools and 
colleges, for the obvious reason that such a study “ would refine 
and improve the moral sensibilities of our people, and sharpen 
and invigorate their intellectual powers.” 

In these labors, beset with the difficulties so freely confessed 
before his audience at Boston, on the occasion of the delivery 
of the last mentioned address, he passed his quiet life. At one 
time he was a teacher of science; at another time he was prose- 
cuting his researches in natural history; and then he might 
be found preaching in his modest and reverential manner the 
sublime doctrines of the Christian creed which he had adopted; 
and, whether in or out of the pulpit, he was always seen and 
known as the industrious, patient, Lomita and exemplary disci- 
- of Him who was born in the manger and died on the cross. 

rof. Thompson thus won friends not “in single spies but in bat- 
talions,” friends who knowing the anxieties he felt to see the 
wonders of the great exhibition at London, in 1851, gladly put 
into his purse that “ material aid” of which teaching and preach- 
ing and authorship had not gathered a superabundance. Chiefly 
through the idudeum of friends, which he has beautifully ac- 
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knowledged in one of his books, he was enabled to enjoy a trip to 
the Old World, “ beholding the wonders of the great deep, and 
seeing and admiring the wonderful things of Nature and Art 
which lie beyond it.” After an absence of three months, spend- 
ing a few weeks in London and Paris, and after traveling about 
7500 miles, he came back refreshed in spirit and health to his 
humble dwelling at Burlington, and after a while yielded to the 
importunities of his friends, and published a neat volume of 143 
pages, entitled a “Journal of a trip to London, Paris, and the 
Great Exhibition in 1851.” Although this “Journal” is com- 
posed of notes for each day from May till August, jotted down 
when travelling or sight-seeing, for the private eye of family and 
friends, and with no expectation that they would ever be ween 
yet it contains much that is new and valuable, and althorgh 
published as a “thank offering to his friends,” the reading public 
am perused it with equal pleasure and pivofit. 

Since the publication of his History of Vermont in 1842, rail- 
roads and magnetic telegraphs have been introduced into the 
State and other changes have taken place; and early in 1853, 
Prof. Thompson published an Appendix to the history, chiefly in 
the department of natural history. This Appendix, although 
containing only 64 pages, is a valuable supplement to his large 
work. In the preface, he intimates his intention to re-write the 
whole history. 

We have now come, in chronological order, to the last work, 
upon which the Professor was engaged. It will be remembered 
that the labors of Prof. Adams and his assistant had ceased 
in 1847 on behalf of the State. The cold shoulder of “ men most 
noted for wisdom and virtue” was turned toward them, after it 
was an established fact “that as much labor was performed 
and as much investigation effected as were ever accomplished 
with the same expenditure in any other State.” Prof. Adams’s 
final report was never made, and January 19th, 1853, he died 
on the island of St. Thomas, W. [., cut down in the prime of 
life and usefulness, when all that remained of the Geoiogical 
Survey of Vermont was shut up in short hand in the field-books 
of the State Geologist and his assistants, or locked up in the 
fifty boxes of unticketed and untrimmed specimens at Burling- 
ton and Montpelier. Years after the field work was done and 
when Prof. Adams was slumbering in his grave, the men ‘ most 
noted for their wisdom and virtue,” discovered that they had 
made a mistake in arresting the progress of the survey. Then 
it was that Prof. Zadoc Thompson was appointed by Statute, 
State Naturalist with the following duties: “to enter upon a 
thorough prosecution and completion of the geological survey 
of the State, embracing therein a full and scientific examination 
and description of its rocks, soils, metals and minerals; make 


4 
* 
x 
. 


48 


Obituary of Prof. Z. Thompson. 


careful and complete assays and analyses of the same, and pre- 
ae the results of his labors for publication under the three fol- 
owing titles, to wit: 1st. Physical Geography, Scientific Geol- 
ogy and Mineralogy. 2d. Economical Geology, embracing Bot- 
any and Agriculture. 3d. General Zoology of the State.”— 
Session Laws, 1853, pp. 45, 46. 

He was pursuing the labors of this responsible task which 
the State, some y to herself and to him, had commissioned 
him to perform, when his death sorely bereaved his family and 
friends and the community. On the same day, three years be- 
fore, his predecessor went to his long home; both left the mat- 
ter of a geological survey, in which they had delighted and had 
spent long nights and laborious days, still unfinished. 

At the time of his death, Mr. Thompson was Professor of 
Natural History in the University of Vermont, an institution 
to which he had been greatly attached since his graduation in 
1823. The self-taught naturalist who had devoted his life in a 
quiet and unpretending way to independent scientific inquiry 
and the labors of authorship and the ministry, died in his hum- 
ble dwelling near the University, with his intellectual armor 
on, ere “his eye had grown dim or his natural force abated.” 
Dr. Thomas M. Brewer, editor of the Boston Atlas, and a natu- 
ralist of extended acquirement, thus alludes in touching lan- 
guage to the death of his valued friend. 

“ His loss, both as a citizen and a public man,—he has not left 
his superior in science behind him in his own State—is one of no 
ordinary character. We have known him long and well, and 
in speaking of such a loss we know not which most to sympa- 
thize with, the family from whom has been taken the upright, 
devoted and kind hearted head, or that larger family of science 
who have lost an honored and most valuable member. Modest 
and unassuming, diligent and indefatigable in his scientific pur- 
suits, attentive to all, whether about him or at a distance, and 
whether friends or strangers, no man will be more missed not 
merely in his immediate circle of family and friends, but in that 
larger sphere of the lovers of natural science, than Zadoc 

We have known him well since 1834, in his various relations 
as a teacher, a clergyman, a Professor, a correspondent, aud a 
friend. During the quarter of a century in which he was de- 
voted to the instruction of youth, to the labors of authorship, 
and to scientific research, he exhibited ever an unselfish and 
an unambitious spirit. He loved his pupils, his friends, his 
church, his associates, his State, his town, and above all, Ais home. 
As a teacher he was kind and thorough; as a clergyman what 
has been appropriately called his deep and unconquerable 
modesty of spirit” prevented his ever rising above the Diaconate 
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in the Protestant Episcopal Church. As a fellow-clergyman in 
that able paper, the New York Church Journal, unites, “the un- 
certainty of his health for many years past prevented his under- 
taking the labors of a parish. His gentle, quiet, and deep piety 
of character won him universal esteem. He was chiefly known 
by the many works in which he has embodied the history, the 
topography and the natural endowment of his native State. In 
natural science, his proficiency was so remarkable that he was in 
correspondence with most of the leading naturalists of this coun- 
try and many of those abroad. He received one of the medals 
of the late French Exhibition in this department. His place 
thus made vacant in Vermont, it will be hard to fill.” 

As an author, he has won high distinction for his researches 
and the accuracy of date and detail which characterize all of his 
historical productions. His astronomical and meteorological ob- 
servations were carefully made and noted, and he was one of 
the best and most reliable correspondents of the Smithsonian 
Institution. 

As his life has been chiefly spent in the development and 
illustration of the natural productions of his native State; the 
scientific world, and especially Vermonters, will cherish his 
memory as that of a man who devoted his life with energy and 
singleness of purpose to objects of lasting interest and useful- 
ness to the whole community. 


Art. VITI.—On the Influence of the Solar Radiation on the Vital 
Powers of Plants growing under different Atmospheric Conditions ; 
by J. H. Guapstone, Ph.D., F.R.S.* 


Srxce I laid before the British Association my former Report, 
some of the experiments there detailed have been repeated, and 
the investigation has been pursued further in the same direction. 
Ihave the honor now to present the results which have been 
obtained. 

The experiments about to be described were conducted, not 
as before at Stockwell, but in Tavistock Square, London. The 
locality was not quite so favorable to the growth of plants, but 
they had always the advantage (unless otherwise stated) of stand- 
ing on tables at the windows of a large upper room having a 
southeast aspect, so that they obtained the full benefit of the 
morning and noonday sun. The apartment was never artificially 
heated, but in the winter time it must have been a few degrees 
higher in temperature than the external atmosphere. 


* From the Report of the Twenty-fourth Meeting of British Assoc, held at 
Liverpool, Sept. 1854; p. 373. London, 1855. 
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The colored bell-glasses described in the previous Report were 
made use of. Iam now able to give a more accurate description 
of what solar rays were actually transmitted by them. The 
effects of the different glasses on the prismatic structum were as 
follows :— 

Colorless glass. No perceptible difference from the normal 
spectrum. 

Yellow glass. The red rays were cut off, but the line C was 
just visible in the orange-colored region. ‘The yellow and green 
portions of the spectrum were quite natural, except perhaps that 
they were rather more uniform in color than usual; the blue was 
rather bright above the double line F, but there was very little 
illumination in the portion more refracted, and the violet rays 
were quite unseen. The lines D, KE, } and F were very visible. 

Red glass. The spectrum consisted of two luminous spaces, 
separated by a hated bend of perfect darkness. The one was of 
a red and orange color, commencing between B and C, and appar- 
ently cut off by the dark line D. The other was faintly illumi- 
nated with an olive-green tint, commencing about the most 
intensely yellow part of the ordinary spectrum, and continuing 
to about } (which was barely visible), and then passing into a lilac 
hue, which gradually faded off, till it became imperceptible per- 
haps a little below the lines F. 

Blue glass. The spectrum had a very singular appearance, 
consisting of several distinct luminous bands. First there was a 
reddish band of considerable brilliancy, occupying a space be- 
wee that of the least refrangible portion of the visible spectrum, 

is was separated by a dark space from a very narrow but 
bright band somewhere near the line B. Its color was very dif: 
ferent from any of those of the normal spectrum, but perhaps it 
approached nearest to the orange. Then, after another dark 
space, came a bright yellow band of greater width, just above 
the line D, which, however, was not itself perceptible. The 
whole yellow portion of the spectrum was cut off, and there was 
no illumination till about midway between © and 0}, where a 
bright green suddenly appeared. This passed into a pale green, 
where there was very little illumination, but not perfect darkness, 
till at about F an intense blue appeared, continuing through the 
region of the violet, to the end of the most refrangible portion 
of the spectrum. The lines b, F, and G were very distinct, as 
well as some about d and H. 

This analysis of the light transmitted by the various glasses, 
confirms the description previously given of their character, name- 
ly, that “ The blue glass cuts off by far the greater portion of the 
luminous rays, but admits the chemical rays freely ; it may also 
be considered as interfering much with the transmission of heat. 
The red glass, on the contrary, freely admits the calorific influ- 
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ence, but stops the chemical, whilst, like the blue, it diminishes 

eatly the luminous. The yellow again scarcely decreases the 
]uminating power of light, but almost destroys the chemical 
action. 

The series of experiments on hyacinths, which was described 
in the last Report, was repeated with additional attention to the 
effects of partial or complete darkness. The large colorless, blue, 
red, and yellow bell-glasses were employed, together with a par- 
tially obscured colorless shade, and a partially obscured yellow 
shade; and another experiment was instituted under a glass 
shade placed in a large box, so that the light was completely ex- 
cluded, except when for a few moments the lid might be removed 
for the purpose of observing the progress of the experiment. 
As in the preceding experiment, the bulbs were all of the same 
description, of a healthy appearance, and of about the same size. 
After being weighed, they were placed as before on the top of 
colorless glasses, filled with pure water, and covered with the 
large bell-jars. In this case the jars were themselves placed upon 
the perforated boards, with the arrangement of tarlatane, &Xc., 
mentioned in the previous paper. The experiments were com- 
menced on December 10th; each of them was successful; the 
results accorded in some points with those of the former occa- 
sion, but in other respects there was considerable discrepancy. 
The experiments made in partial or complete obscurity were per- 
haps the most instructive. 

ootlets began to appear immediately under the dark shade, 
and on December 26th, that is, after sixteen days, they were 
found to be 14 inch in length, They grew rapidly, and were 
very numerous. They were thin and long, and appeared to have 
little strength. Under the obscured colorless and obscured yellow 
glasses, the rootlets also began to grow quickly, becoming three- 
quarters of an inch long in a fortnight’s time, while under the 
blue and colorless glass exposed to the full power of the light, 
the rootlets did not so quickly attain any length, and in the 
same space of time there was scarcely anything observable under 
the red or yellow glass. The roots continued to grow under the 
obscured glasses until the beginning of February, but they 
arrived more rapidly at maturity under the influence of the 
white and blue light. Under the red shade the roots never at 
tained any considerable length, but they were stout and strong. 
Under the yellow shade there was scarcely any growth below 
the bulb until near the end of January, when a few long strag- 
gling roots made their appearance. This is very accordant wit 
the effect that was observed during the previous season to be 
produced by the colored glasses. This shows that the develop- 
ment of the root takes place most rapidly in the absence of all 
solar radiations; that partial obscurity is also favorable; that the 
less refrangible rays of the spectrum had especial power to 
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retard their growth, and that the luminous and calorific rays had 
peculiar actions of their own. 

As to the leaves, little appearance of growth was observable 
in any of the hyacinths till December 26th, when those under 
the colorless veil blue glasses began to shoot; that under the red 
glass followed very soon, while those under the yellow and the 
partially and wholly obscured glasses gave no sign for about 
three weeks longer. The leaves grew most rapidly in the blue 
light. The following comparisons of the length of the leaves 
under the various luminous influences may be interesting. They 
were taken on the 13th and 21st of February, when all the 
plants were in vigorous growth, but not one of them had 
flowered, and on March 22nd, when the plants had attained their 
full maturity. 


February 13. | 


“February 21. | March 22. | 
Under the colorless glass, .......... | 4 inches 6 inches 11 inches 
obscured colorless glass, 3 “ | 
obscured yellow | * 3} “ | 


The flower-stalk very nearly kept pace with the leaves. There 
was a greater difference in the periods at which the petals 
opened than in the former series of experiments; those under 
the blue and colorless glasses took the lead, and those under the 
partially obscured glasses were the last. ‘They opened for the 
most part during the last days of February. Under the red 
shade two flowers grew, but they were thin and straggling: the 
same was the character of the plant that grew in the dark. 
There were two flower-stalks under the partially obscured color- 
less glass; they were never developed, however, but were found 
at the end of March losing their color and becoming rotten. 
The experiments were terminated on March 22d, excepting the 
two oaite the partially obscured glasses, which were allowed to 
continue till the 30th. The respective lengths of the flower- 
stalks were then,— 


Under the colorless glass .............. 13 inches. 
re blue 13 
obscured colorless glass ...... 4 
obscured yellow “ ...... 10 


The hyacinths having been removed from the water in which 
their roots had been immersed, were suffered to dry in the open 
air of the room for twenty-four hours, and were then weighed. 
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{ Primary weight | Fully devel- 

of bulb. eped plant. increase, 

‘Under the colorless glass, ........... 936 grs. 1494 grs. 558 grs. 

|  dlue 862 “ 1472“ 610 

856 “ 1438 582 “ 
yellow 1008 “ 1406 “ 398 “ 
" obscured colorless glass. ...| 873 “ 1591 “ 718 “ 
. obscured yellow “ ...| 872 * 1556 “ 684 “ 

| “ dark glass, ............---|_ 768“ 1205 “ 442 “ 

If, instead of observing the actual increase of weight, we 
compare the original weight of the bulb with that of the fully 
developed plant, we obtain the following proportions :-— 

Under the colorless glass as ........... 1000 : 1596. 
blue 1000 : 1708. 


- obscured colorless glass as... 1000 : 1822. 
obscured yellow “ 1000 : 1784. 
dark 1000 : 1579. 


This increase in weight in the growing hyacinth is due to the 
fixation of water, and not to the decomposition of carbonic acid 
in the atmosphere; at least a smaller bulb which was placed 
under a oaidiie shade, and cut off from the external atmos- 
phere by the edges of the glass dipping into water, grew and 
flowered perfectly well; and when removed from the shade on 
March 22d, and dried as the others were, it gave the following 
weight 

Primary weight of bulb. § Fully developed plant. Actual increase. 
625 grs. 1167 grs. 542 grs. 
or as 1000 : 1867,— 


a larger proportional increase of weight than in any of the 
other experiments, the actual increase being about the same as 
that of the other plant which grew under the colorless glass. 
The leaves that grew in the dark were perfectly etiolated, 
excepting just at the tips, where they showed the normal green 
color gradually shading off as it descended. The leaves that 
appeared in the experiments with the obscured glasses, were 
somewhat lighter in tint than those growing where the direct 
radiance of the sun could find access. The character of the 
light, under which the flowers were grown, did not affect their 
color at all in the way that might have been expected. They 
were all, as on the former occasion, of an equally deep purple; 
even that which grew in complete darkness exhibited the same 
depth of color in all the petals, excepting a few of the lower 
ones. The purple flower under the colorless glass when fadin 
turned to red; and this was also the case under the blue an 
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yellow glasses; but the flower under the red glass showed no 
trace of red color, even when it had quite shrivelled up, nor was 
there any such change in the intense purple that appeared where 
light was excluded. 

In such experiments as those just detailed, it is diffleult to 
separate what might be the effect of adventitious circumstances 
from the genuine effect of the diversity of light. However, we 
may safely remark in the experiment which was conducted in 

rfect obscurity—the rapid and abundant growth of thin root- 
ets, the general healthiness of the plant, the non-formation of 
chlorophyll, but the production of the coloring matter of the 
flower, not altered in its subsequent fading. The two experi- 
ments performed in partial obscurity appeared as closely alike 
as possible, until the last week, when one of the plants died. 
The fact that the chemical rays were cut off from one of them, 
made no apparent difference. Their backwardness as compared 
with the other flowers, was probably owing to their having been 
placed in a position which was somewhat colder than that of those 
which received the full light of the sun. The effects of obscu- 
rity were observable in them in a modified manner, and they 
both absorbed much more water than the other plants did. The 
effect of the red glass in interfering with the length of the roots, 
and in producing a badly developed plant, was observed both in 
this and in the former series of experiments. Its power of pre- 
venting the reddening of the faded flower is remarkable. he 
effect of the yellow glass in causing the rootlets to be few and 
straggling, and in diminishing the absorption of water, was also 
noticed in both instances. The blue glass appeared to favor the 
development of the hyacinth. 

That the green coloring matter of leaves requires the action of 
light for its production, has long been universally admitted, and 
Dr. Daubeny has shown that it depends on the luminous ray. 
From analogy, and from a few observations by Davy, Senebier, 
and others, the same has been assumed to hold good in respect 
to the colors of flowers, but the purple hyacinth bears other 
witness, and should induce us to doubt this too hasty con- 
clusion. 

A number of experiments on germination were made during 
the spring. The seeds experimented on were those of the wheat 
and the pea; and in every case both were employed, in order 
that if there should be a different effect of light on the monoco- 
tyledonous and dicotyledonous plants, it might be seen. Seeds 
of familiar plants and of great commercial importance were 
chosen, as it was supposed a greater degree of interest would 
naturally attach to experiments on them, and it might happen 
that some observations of value to the agriculturist might be 


made. 
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The first series of experiments was made in common air, under 
the seven various influences of colored light and obscurity, which 
have been described in treating of the hyacinths. The colored 
shades were arranged before the windows, as described above, 
and they dipped into plates of water, so that throughout the ex- 
periments en were filled with an unchanged atmosphere, satu- 
rated with moisture. Twelve grains of wheat and twelve peas 
were taken for each separate experiment, and their weight was 
noted while they were still dry. They were placed on bricks 
within the glass shades, the bricks standing in the water, so that 
they were always damp. Another arrangement was made, simi- 
lar to that just described in every particular, except that the 
seeds were in the open air of the room, without any cover. 

The experiments were commenced on April 21st. The fol- 
lowing is a table of the weather, and of the temperature taken 
in the shade at mid-day during the time that the various experi- 
ments with peas and wheat continued :— 


April 22. cloud 4 fine | 
fine 
. cloudy and wet | 
60° fine 
57 
56 
56 . cloudy and wet | 
fine 
55 
55 
59 
61 
63 
60 
56 3 do. 
2° fine, but cloudy 
60 fine 
58 
62 
60 
64 
65 


We shall first consider the growth of the wheat; afterwards 
that of the peas; and then compare the two. 

On April 26th the corn seeds were found just beginning to 
burst under all the seven glasses, those under the obscured 
yellow being the most advanced. Further growth was visible 
the following day under that glass, and also under the obscured 
colorless, and the yellow, though the plume did not appear in 
any case till the 29th. On May Ist the radicles under the color- 
less and blue glasses were of considerable length, but those 
under the obscured colorless and the red were longer, while the 
longest were under the yellow glass. On April 29th plumes 
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appeared under the red and obscured colorless glasses, and in 
the dark. They appeared two days later under the colorless and 
the blue, while the seeds under the obscured yellow had an un- 
healthy look. On the 4th of May long etiolated leaflets were 
found in the dark; under both obscured glasses the wheat had 
also shot up long leaves; under the red and yellow glasses there 
were plumes of 1 or 2 inches in length; while under the color- 
less and blue they only reached half an inch. The wheat-plants 
under the colorless glass then began to grow more rapidly, and 
soon gained the advantage of those under the blue, and still 
more of those under the red. On the 8th they measured 3 inches, 
while those that had grown in the dark measured 6. 

On the 12th the wheat-plants were more fully examined, and 
drawings of them were made. It was then found that under 
the colorless glass ten of the twelve seeds had grown. The 
leaves were erect, of a full green color, from 4 to 5 inches in 
height, roots long and thin, five in number, taking firm hold of 
the brick. They had no side rootlets, but were fringed with 
hairs. Under the blue glass, the wheat appeared like that under 
the colorless, but smaller. Under the red, only four plants grew, 
and they were not so regular in form, size, or general aspect as 
those under the colorless glass. Where there was this pecu- 
liarity,—the green stalk a been unable to burst the transparent 
membranous sheath, and had forced itself out in a kind of loop, 
at that part where the sheath sprung out of the seed. The roots 
were generally flaccid. Under the yellow glass, the radicles were 
so strong and bent so decidedly downwards, that they raised the 
seed completely on end: they were thickly covered with hairs. 
The stalks were short and strong, and generally bent. Under 
the obscured colorless glass only seven seeds had germinated. 
The leaves were of a pale green color, and had not succeeded in 
bursting the membranous sheath; the roots were very long. 
Under the obscured yellow glass, the plants were of a greener 
color than the preceding. In the dark all the plants were weak, 
and of a very — een color, almost yellow; the radicles had 
many rootlets branching out from them. 

After this, the plants under the colorless glass continued to 
grow healthily: the hairs along the roots became very long and 
thick, and on the 22nd of May, ramifications of the rootlets 
began to appear. The plants under the blue did not continue so 
healthy, nor did those under the red. Under the yellow glass, 
both the upper plant and the roots continued to grow. Under 
the obscured yellow glass and in the dark, the plants also con- 
tinued growing. On the 26th, a more full examination and 
fresh drawings were made. Under the colorless glass there were 
ten wheat plants, generally 8 or 10 inches in height. Under 
the blue ft vee there were several very thin weak plants, only 
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about 2 inches high. Under the red, the development was but 
an inch and a half, in the case of three plants. The rest that 
were growing had not succeeded in breaking the membranous 
sheath, but were contorted in their efforts to escape. Under the 
yellow, three plants had grown like those under the colorless 
glass; three others were not so fully developed, while the re- 
maining four had not germinated. Under the obscured colorless 
glass, the wheat had not grown since May 12th. Under the 
obscured yellow, I found six plants. In the dark, the plants had 
grawn much as under the obscured yellow glass, but they were 
still longer, weaker, and paler in color. 

On June 5th, the experiments were stopped. The plants under 
the colorless glass were healthy in every respect, and were of a 
better green than any of the others. Under the red glass, one 
of the plants was found to have shot up several small leaflets 
outside the transparent sheath, which it had been unable to 

ierce. 

The following table shows the number of seeds of wheat 
which had put forth roots, and the average length of the princi- 
pal roots; and also the number of seeds from which plants had 
grown, together with the average length of the principal leaves. 


Roots. Leaves. 

No. of plants.) Length. No. of plants.| Length 
10 2°5 inches | 10 10 inches 
Obscured colorless, ...... 6 35 3 

6 * | 

Obscured yellow, ........ { 2-5 “ | 7 8 
7 3 | 6 


The plants were removed from the bricks, spread out on the 
table, and allowed to dry in the air for eighteen hours. The 
following table shows the weight of those which had grown 
under each of the various conditions of light. The original 
weight of the twelve corn-seeds was in each instance 8 grains, 
giving as the average weight of each seed 0°66 grs. 


N prage in- 
which'had’ | Weight, [Average weight) 
germinated, of each. original weight. 
10 31 grs. 31 grs. | 24 grs. 
_ 45 “ |—O1 « 
| Obscured colorless, ...... 6 066 “ 
Obscured yellow, ........ 7 10 


The increase in weight of the plants which had grown under 
the colorless, the dark, and the yellow glasses, was due, of course, 
SECOND SERIES, VOL. XXII, NO. 64.—JULY, 1866, 8 
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to the fixation of water, for there was no supply of carbonic 
acid from the air, and the quantity of substance which the roots 
could absorb from the bricks must have been very trifling. 

The comparative experiment in which the seeds were exposed 
to the open air of the room did not come to anything. Not one 
of the seeds succeeded even in bursting the tunic, doubtless 
because the dry atmosphere prevented their ever retaining suffi- 
cient moisture. 

The presence of soil about the germinating seeds, or a con- 
stant change of air, would probably have modified these results; 
yet the conditions observed in this series of experiments were 
thought necessary, in order to have the full effect of the different 
sorts of light about the seeds themselves, for a soil necessarily 
produces a if not total obscurity. The deprivation of other 
sources of carbon, beyond the cotyledons of the seed itself, also 
answered certain purposes. On examining the results, the follow- 
ing conclusions may be drawn, as far as wheat is concerned 
growing under the conditions of the experiment. The absence 
of the chemical rays favors the first growth of rootlets, and the 
presence of the luminous rays does not impede it. Afterwards 
the opposite effect takes place; the roots are stopped in their 
development by the yellow ray much more than by all the rays 
of the spectrum in combination. The red or calorific ray is on 
the whole the most favorable to the growth of the roots, even 
more so than the complete absence of all solar radiations. The 
shooting forth of the plume is also favored by the withdrawal of 
the chemical rays, especially just at first; but the full and healthy 
development of leaves requires all the rays of the spectrum, the 
luminous being particularly necessary. Several other peculiari- 
ties may be noted; for instance, the downward tendency of the 
roots under the pure luminous influence; the comparativel 
greater development and strength of the membranous sheat 
under the calorific agency; and the late but abundant growth of 
side-rootlets, where all the solar radiations were admitted. 

The results of the experiments on wheat recorded in the pre- 
vious Report, where there was the presence of soil and change 
of air, appear to indicate still more clearly the beneficial charac- 
ter of the luminous emanations, for the plants under the yellow 
shade were found even to excel those which had grown in white 
light, while, as in the experiment just detailed, the cutting off of 
the luminous ray by the deep blue glass militated greatly against 
the health of the plants. rhe protection of the seutiets from 
the yellow ray may be fairly considered an advantage, but a 

roper series of experiments on wheat-seeds surrounded by earth 
is still a desideratum. 

We have now to consider the growth of the peas under the 
different solar influences. It has been already stated that twelve 
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soaked in water were placed on the bricks along with the 
wheat seeds, on April 21st. On the 24th they were found to be 
swollen and beginning to burst. The seeds under the yellow, 
obscured yellow, and obscured colorless glasses, were the more 
rapid in their first development. On the 29th, the plumes began 
to appear under the obscured colorless, yellow, and red shades, 
and two days afterwards under the blue and colorless. The 
lants under the obscured yellow glass appeared = unhealthy. 
he radicles grew astonishingly under the yellow glass, and be- 
came very long under the red and shasdnale colorless. On May 
8th, the plants in complete or partial obscurity were found to be 
several inches high; under the red, 2 inches; under the yellow, 
not quite so much; while even on the 11th, the plants under the 
blue had only just developed themselves, and under the colorless 
glass only one seed had put forth a stalk, and that was but half 
an inch in length. 

On the 12th they were more fully examined, and drawings 
were made. Under the colorless glass, the peas resembled the 
plume only in the first stage of development, the — root 
short and thick, with short and thick secondary rootlets, all 
fringed with hairs. Under the blue, the peas were in a somewhat 
more advanced stage. Under the red, ten plants had grown,— 
roots straggling, stalk bending towards the light, with many 
leaflets of a deep green color. The plants under the yellow 


= were characterized by enormous roots, which turned away 
m the light in a very marked way. Nine of those under the 
obscured colorless had long roots, long succulent weak stalks, 
and pale green leaflets. Under the obscured yellow, the plants 
appeared for the most part with smaller roots, though two of 
them, which were nearest the light, had grown with a stalk. In 
the dark, six of the oo? had grown,—roots irregular, having 
cs 


few side-rootlets, stalks succulent, but tolerably erect, bearing 
yellow leaflets. The plants in the red light continued to grow 
healthily, some being 6 inches high on the 15th; under the 
yellow and obscured yellow, they also grew healthily ; under the 
obscured colorless, the stalks were found on the 22nd no longer 
capable of supporting themselves. The stalks in the dark were 
at the same time erect, and 10 inches in length. On the 26th, 
the seeds under the colorless glass were found to have made 
scarcely any advance since the 12th. Under the blue, one had 
grown tall and healthy, but the rest were very small. Under 
the red, the plants were growing healthily as on the 12th, but 
some of them had attained the height of 9 inches, and bore three 
or four secondary branches. Those under the yellow had grown, 
but did not appear healthy. Under the obscured colorless glass, 
the plants had grown since the 12th about as much as might 
have been expected from the time, but they were very weak. 
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Under the obscured yellow glass there were two very similar to, 
and nearly as large as, those under the obscured colorless. Six 
others were of the same character, but much smaller; the roots 
were very short. The plants in the dark had also grown since 
the 12th. 

On June 5th the experiments were discontinued. The longest 
mani wep under the color'ess glass was then only 1°75 inch in 
ength; the secondary roctlets were remarkably short and thick. 
The plants under the blue appeared the most healthy; those 
under the yellow, whether in full light or obscured, showed con- 
siderable inclination to send out lateral branches. The stems of 
the plants in the dark were white, the leaflets were canary-yellow, 
those which had grown in partial obscurity were also much etio- 
lated. One of the peas mw the obscured yellow had produced 
a triple stem, and so had one of those under the obscured color- 
less glass. 

The average length of the roots and stalks of those peas which 
had germinated under the different solar influences 1s given in 
the annexed table :— 


Tap roots, Stalks. 
No. of plants. No. of plants 
12 
11 


Obscured colorless, . . er 9 
Obscured yellow, .. ‘ 10 
Dark, 12 


The plants were removed from the bricks and allowed to dry 
in the air for eighteen hours. The following table shows the 
increase of weight which had taken place in them during their 
growth :— 


Original wei 
of 12 peas 


ght No. of plants Average Average in- 
| which had i weights of crease of 
germinated. original weight. 


33 
345 
Obseured colorless,..| 35°5 
Obscured yellow, ...} 
315 


It being thought that the disproportionate weight of the piants 
which had grown in the dark might be partially owing to their 
not having become thoroughly air-dried in eighteen mn on 
account of their succulent character, they were exposed in the 


* Very various. 


| 
| Length. 
inch 
“ 
} 
6 “ 
5 “ 
| grs. 10 | 54 grs. | 54 grs. 27 grs. 
. 12 | 61 32 “ 
“ 47 “ 43 18 
11 | 65 « 
10 iss « 54 
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seme manner for forty-eight hours. Their weight was then re- 
duced to 66 grains, while those grown under the obscured color- 
less (succulent as they were) lost in the same time only 14 grains; 
and those under the obscured yellow appeared rather to have 
gained weight. 

The increase in weight in these instances must be attributed, as 
in the case of the wheat, to the absorption of water, and it seems 
to be in almost reverse ratio to the healthiness of the plant; for 
those under the red, which had the best appearance at first, 
showed by far the smallest increase in weight; and those under 
the blue, which were afterwards better looking, had not increased 
greatly. 

In the comparative experiment made without any glass shade, 
one pea began to germinate on May 23d; this was shortly fol- 
lowed by two others, but only one of the three grew to any size. 
When measured on June 6th, its root was found to be only 0°75 
inch long; its stalk had attained a length of 4:5 inches; its 
leaflets were deep green, appearing as healthy as, if not healthier 
than, any under the glass shades, and when removed from all 
moisture for eighteen hours, it weighed 5°5 grains, showing an 
increase of 2°7 grains on its original weight. 

On examining these results we are led to draw the following 
conclusions, as far as peas are concerned, growing under the 
conditions of the experiment. The cutting off of the chemical 
rays favors the first germination of the seed, and this appears to 
be the principal, if not the only advantage of the darkness ob- 
tained by burying the seeds in the soil. The development of 
roots also requires the absence of the chemical ray, yet it does 
not go on to the greatest extent when all the solar influences are 
excluded, but is favored rather than otherwise by heat and lumin- 
— The first development of the plume also proceeds best 
under the same circumstances; yet these are not the conditions 
which produce a healthy plant: if ail the solar radiations be 
withdrawn, whether entirely or only to a great extent, the plants 
absorb much water and grow very tall, without developing 
secondary branches or many leaves. The whole force of these 
radiations, on the contrary, prevents or greatly impedes the 
growth of these plants under the circumstances of the experi- 
ment. As peas grow commonly in the full sunshine, it would 
be interesting to observe whether the negative result obtained 
arose from the absence of soil about the roots, from excessive 
moisture, or from some other cause. The experiment, however, 
affords us no data for determining this question. The chemical 
force is the most antagonistic to the growth of the pea, and 
luminosity also militates against it: the heating rays are favora- 
ble; but let the plant be fairly established, and those radiations 
which are comparatively speaking devoid of light, but replete 
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with chemical power, are the most suited to the production of a 
healthy growth. The influences which facilitate rapid growth 
are diametrically opposed to healthy development. tt should be 
borne in mind, however, that these observations relate only to a 
very early stage of the plant, and teach us nothing respecting the 
full-grown pea, or the evolution of the flower or fructification. 

If we compare the effect of the various solar radiations upon 
the germination of wheat with the effect produced upon that of 
peas, we are struck with the great diversity between them. This 
was particularly apparent during the progress of the experiment. 
The colorless and the red glasses happened to stand side by side 
on the table, and it was curious to notice under the former glass 
a tall and vigorous crop of corn-plants with a mere matting of 
stunted roots from the peas, while under the other a thick crop 
of green spreading plants arose from the germinating peas, but 
the wheat-plants were few, straggling, and unhealthy in appear- 
ance. When, however, we come to look more closely into the 
phenomena, we see certain points of resemblance. In both 
cases the cutting off of the chemical ray facilitates in a marked 
manner the process of germination, and that both in reference to 
the protrusion of the radicles and the evolution of the plume. 
The unnaturally tall growth of the stem, and the poor develop- 
ment of leaves in darkness, more or less complete, is also common 
to both these specimens of the monocotyledonous and dicotyle- 
donous plant. In both cases too, the yellow ray exerted a re- 
pellant influence upon the roots, giving the wheat a downward 
and the pea roots a lateral impulse. 

The object of employing a partially obscured yellow glass in 
these experiments, was to decide if possible the question which 
has been asked, Does yellow light stop germination by some 
specific action or merely by the excess of light? Contrary to 
the experience of some others, who, I believe, have experimented 
on seeds covered with soil, and on other plants than those em- 

loyed by me, the yellow light did not interfere at all with germ- 
ination, in the experiments just described. In the case of both 
lants, indeed, it decidedly facilitated the early development of 
th the root and the plume. That the yellow ray, however, 
has a specific action of its own, is proved by the most cursory 
glance at the facts already recorded ; the yellow and the obscured 
yellow give quite different results from those of any of the other 
glasses, 

The diversity between the effect of the same qualities of light 
upon the growth of the wheat and the pea, leads us to look with 
suspicion on any generalisations affecting other plants which 
may be drawn from the observed influence of light upon one 
particular reas especially, of course, when they are of different 
orders. This will account for some of the diversity in the state- 
ments made by previous experimenters in these fields. 
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The subject may be, however, further elucidated by referring 
to some of these. Dr. Draper, in his elaborate investigation of 
the forces which exert a controlling influence on the growth of 
plants, records a series of experiments on peas. He placed them 
just after they begun to grow in blue, red, and yellow light, and 
also in the dark, and in the open air. His observations were 
confined to the third and fourteenth days. At the former period 
he found that under the red the plant had attained 4°5 times its 
original size, and had produced double the number of leaves; 
under the blue, three times its original height, with also double 
the number of leaves. In the dark there was about the same 
increase of altitude, while in the open air only twice the original 
height had been attained, and there were no fresh leaves; and 
naer the yellow light, a still smaller advance had been made. 
On the fourteenth day he found all his pea-plants green, though 
varying a little in the character of the color, except those which 
had been placed in the dark, which were of a pale whitish yellow, 
the _ vigorous, thirteen times their original height, but with 
no fresh leaves. On the whole, then, as far as Dr. Draper's ex- 


periment goes, it is in accordance with my results. 

M. Senebier describes an experiment performed by him on 
lettuce-seeds sown in little cups and placed respectively in the 
open air in full light of day, in darkness, and under glass vessels 
filled with colorless, yellow, red, and violet fluids. “ erga 


then the effects produced by the different portions of light whic 

were thus permitted to act, he found that the plants illuminated 
by the yellow rays grew most rapidly in height; next, those in 
the violet rays; afterwards those in the red rays. The plants 
which grew in light transmitted through water were still smaller 
and approached in size to those which flourished in the open air, 
while those in perfect darkness attained the greatest height of 
all. These last plants perished on the eighth day, and those in 
the yellow light on the ninth day, while all the others continued 
to vegetate. At the end of about five weeks, the plants growing 
under the red vessel were 4 inches and 9 lines in height; under 
the violet vessel 3 inches and 8 lines; under the water vessel 2 
inches and 10 lines, and 1 inch and 8 lines in the open air. With 
respect to the general appearance of the plants, the leaves of 
those which grew in red light were smaller and less smooth than 
those of the plants in violet light, or than the leaves of the 
plants confined under water, or than the leaves of those which 
grew in the open air. As to color, the leaves exposed to 
yellow light were at first green and afterwards became yellow; 
those in red light appeared green and preserved a tinge of that 
color; those in violet light were quite green and their color aug- 
mented with their age; while those raised in obscurity possessed 
no verdure at all.” These experiments were repeated on French 
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beans with nearly similar results, but beyond the observation 
that “in proportion as the plants grew in height, in different 
kinds of light, the number and size of their leaves diminished,” 
his attention appears to have been directed only to the question 
of color.* 

Besides the experiments already detailed in this Report, and 
those on wheat and Malope trifida described in my former one, 
I have a few other observations on the effect of various qualities 
of light on the growth of plants from the seed, which it may be 
worth while briefly to record. They were made on the Collinsia 
bicolor of the florists, and Mignoneitte. 

Seeds of the Collinsia were sown in garden mould in glasses, 
and placed under the colorless, blue, yellow, red, and darkened 
shades, on a table before a window which had a northwest aspect. 
The perforated boards were used for supporting the glass covers. 
The experiment was commenced on the 6th of July in last year. 
On the 9th it was found that germination had taken place under 
each glass except the yellow, where no plant grew until the 14th. 
Under the colorless glass, the plants grew and flourished till the 
beginning of August, when they all faded and died. Under the 
blue and red glasses they grew well for a while, but began to 
droop by the 26th of July. Those under the darkened glass ex- 
isted rather longer, but they were tall and scraggy, and the 
leaves did not fairly open. Only three plants germinated under 
the yellow shade; they were all unhealthy and died before the 
26th. On August 4th, seeds were sown afresh under each glass. 
Much the same order of growth was observed. 

On October 12th, a hundred seeds of Mignonette were sown 
in each of seven glasses filled with garden mould. They were 
placed about a third of an inch below the surface. Six of the 
glasses were covered respectively with the colorless, blue, red, 
yellow, obscured colorless, and obscured yellow shades, and the 
seventh was placed in a dark closet. It should be observed that 
the closet was rather warmer than the room. The Mignonette 
seeds began first to germinate in the dark, then under the blue; 
then, after the lapse of a few days, they appeared under the red, 
and colorless, and the obscured colorless glasses. The yellow 
ray long retarded, and very nearly prevented their germination. 
Those in the dark were tall, thin, and yellow; they all died 
about November Ist; the others soon followed, excepting one 
plant under the colorless glass, which was found still alive with 
four green leaves on December 10th. 

The investigations of many experimenters have shown that 
oxygen is necessary in the germination of seeds. The explana- 
tion given is that that element is required for instituting the 
action that converts the fecula of the cotyledon into sugar. It 


* From Ellis’s “ Farther Inquiries,” cc. 
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is unquestionable, that in the majority of cases, plants after the 
first stage of their growth require a certain supply of carbonic 
acid, by the decomposition of which they obtain carbon, reer | 
free oxygen. My brother and I have shown that plants wi 
exist well for a considerable time in an atmosphere devoid of 
oxygen, for instance in nitrogen, hydrogen, coal-gas, or carbonic 
oxyd. In order to see the effects of all these atmospheric condi- 
tions on the germination of wheat and peas, the following experi- 
5 were made during the latter part of May and the beginning 
of June. 

Six wheat-seeds and six peas were placed on folds of linen 
floating on mercury, and covered with a colorless glass jar having 
a capacity of about 20 cubic inches. The linen preserved the 
seeds from the mercury, and was kept wet by the introduction 
of a small quantity of water. The jar was full of atmospheric 
air, and was placed on the table before the window having a SE 
aspect. After a couple of days or so the age germinated, and 
shortly afterwards the wheat. They grew for about a week, and 
retained a healthy appearance much longer. The experiment 
was twice performed with similar results, and showed that the 
arrangement was applicable to the proposed experiments. 

A precisely similar arrangement was made in a jar containing 
29 cubic inches of hydrogen gas, and having in it a tube con- 
taining pyrogallate of potash, so as to absorb any trace of oxygen 
which might be accidentally present in the gas, or might be 
evolved from the seeds themselves. In four days the swollen 
peas had begun to burst. They put forth short radicles, but no 
79m and in about a week afterwards they were all decaying. 

e wheat showed no appearance whatever of germination. This 
experiment was twice performed with the same result. 

Another such arrangement was made in a jar filled with car- 
bonic acid. Not the slightest appearance was indicated by either 
the wheat or the peas. They decayed, becoming soft and swollen, 
and emitted a most offensive smell on the removal of the jar. 

The same was done in a jar filled with common air, and con- 
taining a solution of caustic potash in a small capsule, so as to 
remove any carbonic acid which might be given off by the seeds. 
In about three days both the wheat and the peas had begun to 
burst; four out of the six of each continued to grow for about 
six days, and remained healthy afterwards. The removal of the 
carbonic acid, then, did not affect the germination. I subse- 
quently found that in this experiment I had almost exactly 
repeated one of Mr. Eilis’s in his ‘ Inquiry into the changes pro- 
duced on atmospheric air by the germination of seeds,’ &c. He 
employed peas, and satisfied himself that all the oxygen in the 
jar had been absorbed by the germinating plants. 
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The effect of oxygen on the germination of wheat and peas 
under the influence of the different solar radiations was also 
tried. The small colored glasses, having a capacity of 172 to 
177 cubic inches, were employed, and the experiments were con- 
ducted like those under the colored shades which have been 
already detailed. The seeds were placed on the bricks on May 
2nd. On the 8th, both the wheat and the peas had burst under 
the colorless glass, but they soon became mouldy, and before the 
end of the month they were quite dead. The seeds under the 
yellow glass ran much the same course; but those under the blue 
glass, though they did not burst till the 11th, grew well, and by 
the 26th two of the wheat plants had attained a height of 4 or 5 
inches. The experiment was discontinued on June 5th. The 
plants were removed from the brick for desiccation, and on the 
following day the five of the wheat which had germinated were 
found to weigh 8 grains, giving an average of 1°6 grain for each, 
or an increase of 0-9 grain on the original weight. All the six 
peas had germinated and weighed 26 grains, giving an average 
of 43 grs. for each, or an increase of 1°6 grain on the original 
weight. 

Thus far I have proceeded in the investigation. Many inter- 
esting inquiries naturally suggest themselves; some have been 
already alluded to, for instance, the influence of light upon the 
colors of flowers; the amount of exclusion of light effected by 
the soil; the different condition of solar influences required by 

the ex- 
tension of the observations to other seeds. Other questions might 
be raised, such as,—What character of light nga best the 
absorption of oxygen in germination? At what period in the 
growth of a plant does oxygen become unnecessary? Is oxygen 
requisite for the full development of a bulbous-rooted plant? 
Does carbonic acid act specifically in the prevention of germina- 
tion, or merely by the exclusion of oxygen? How far does the 
rapid development of a plant in an early stage interfere with its 
healthy growth at a later period? 


wheat or by peas at later periods of their growth; an 
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Art. [X.—Reports of Explorations and Surveys to ascertain the most 
practicable and economial route for a Railroad from the Missis- 
sippi River to the Pacific Ocean; made under the direction of 
the Hon. Jerrerson Davis, Secretary of War.* 


UnvER the auspices of the Secretary of War, the reports of 
the explorations made with reference to a route for the Pacific 
railroad, are in progress of publication in quarto volumes, ex- 
cellent in style and full in their illustrations. The results of 
these surveys are exceedingly varied and important. The 
physical features and climate of the vast region beyond the Mis- 
sissippi were examined, animals, plants, and rocks collected, and 
important contributions thus mb to science, while at the same 
time the special object of the surveys appears to have been pur- 
sued with vigor and as much care as the limited time of the sur- 
veys admitted. The volume just issued contains the Report of 
the Secretary of War; an Examination of the Reports of the sev- 
eral routes explored ; railway memoranda; and the Report of 
Governor I. I. Stevens. The further narrative of the explora- 
tion, accompanied by views illustrating the features of the coun- 
try, the natural history and other scientific reports, with illus- 
trations, will appear in other volumes. 

The report of the Secretary of War presents a general re- 
view of the whole subject, and is drawn up with clearness and 
apparent justice to each of the proposed routes. The routes ex- 
amined were five in number:—the most northern or Missouri 
river route, near the 47th and 49th parallels of north latitude, sur- 
veyed under Governor Stevens; the next, or Platte river route 
near the 41st and 42nd parallels, examined by Col. Fremont an 
Capt. Stanisbury, east of the Rocky Mts., and by Lieut. E. G. 
Beckwith, on the west, from Fort Bridger in 110° W. to Fort 
Reading on the Sacramento; the third, or Arkansas river route, 
near the 38th and 39th parallels, explored by Capt. Gunnison’s 

arty to the Un-kuk-oo-ap mountains, in longitude 112°, on the 
Sooke river, where he died; the fourth, or Canadian river route, 
near the 35th parallel, surveyed under the direction of Lieut. 
A. W. Whipple; the fifth, near the 31st and 32nd parallels, its 
different parts under the direction of Capt. Pope, Lieut. Parke, 
Major Emory, and Lieut. Williamson. 
We make the following extracts from the Report of the Sec- 


retary of War. 


* Reports of Explorations and Surveys to ascertain the most practicable and 
economical route for a railroad from the Mississippi river to the Pacific Ocean; made 
under the direction of the Hon. Jefferson Davis, Secretary of War, in 1853-4, ac- 
cording to acts of Congress of March 3, 1853, May 31, 1854, and August 5, 1854. 
Volume I. 652 pages 4to, with Maps and Tables. 
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The western portion of the continent of North America, irre- 
spective of the mountains, is traversed from north to south by a 
broad, elevated swell or plateau of land, which occupies the 
greater portion of the whole space between the Mississippi river 
and the Pacific ocean. The crest of this plateau,’ or the water- 
shed of the country, is nearly midway between the Pacific coast 
and the Mississippi. It may be represented on the map by an 
undulating line traced between the headwaters of the streams 
which flow eastward and those which flow westward. It divides 
the whole area between the Mississippi and the Pacific into two 
nearly equal portions—that on the east being somewhat the 
larger. This crest of the water-shed has its greatest elevation 
in Mexico; and thence declines to its lowest point about the 
latitude of 32°, where it has a height of about 5,200 feet, be- 
tween the waters of the Rio Grande and those of the San Pedro, 
a tributary of the Gila. From this parallel it increases in alti- 
tude northward, and reaches its maximum near the 38th parallel, 
where it is about 10,000 feet high. Thence it declines as we 

ass northward; and, in latitude 42° 24’, it has an elevation of, 
say, 7,490 feet; and in the latitude of about 47° it is reported 
to be at least 1,450 feet lower. The heights here given are those 
of the lowest passes over the crest or water-shed of the great 
plateau of the country, and not those of the mountain peaks and 
ridges which have their base upon it, and rise, in some cases, to 
the height of 17,000 feet into the region of perpetual snow. 

The slope of the oe on the east and south, towards the 
Mississippi and the Gulf of Mexico, is comparatively gentle, and 
in the northern part of Texas, that known by the name of the 
Llano Estacado, or Staked Plain, is by steps. It is traversed by 
the Missouri, the Platte, the Arkansas, and other large rivers, 
which rise among the mountains near the crest, and flow east- 
ward and southward in channels sunk beneath the general sur- 
face-level of the plains. 

The crest of the mountains, and nearly the entire distance 
thence to the Pacific, is occupied by high plains or basins, dif: 
fering from each other in elevation from 1,000 to 3,000 feet, and 
by mountain peaks and ridges, varying in direction to almost 
every point of the compass, though they have a general course 
north and south. Many of these mountains, including those that 
bound this system, have obtained the name of chains, and a short 
classification of them will now be attempted, although it is to be 
premised that our knowledge of them is most imperfect, and the 
classification now made, future explorations will probably show 
to be erroneous. The only proper classification must be made b 
the geologist, after a thorough exploration for this purpose, whic 
it will require a long serial to accomplish. 
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These mountains may be considered as constituting three 
great systems, extending generally throughout our possessions 
in a north and south direction; and although this arrangement 
may not be the best or most accurate, yet it will enable us to 
take a comprehensive view of the whole as regards the construc- 
tion of a railroad, since any direct line that can be traced from 
the Mississippi to the Pacific, except near the 48th and 32d 
parallels, encounter each of these three systems in some 

int. 

Calling the most eastern system No. 1, we find a portion of it, 
crossing the Rio Grande, and entering Texas at the Great Cafion. 
Its extension south into Mexico forms the east front of the Sierra 
Madre. Running northward, this system includes all the moun- 
tains on either side of the Rio Grande, enclosing its valley and 
the Salinas Basin. Those on the east form the divide between 
the Pecos and Salinas Basin, and between the Rio Grande and 
Canadian ; on the west they divide the waters of the Rio Grande 
from those that flow to the Gulf of California. Those on the 
east are sometimes called the Rocky mountains, sometimes the 
Sierra Madre; and this last name is sometimes applied to those 
on the west. ‘There seems to be a necessity for considering the 
mountains on both sides of the Rio Grande as one system. 
These may be said to unite near the headwaters of the Rio 
Grande and Arkansas, and here the mountains have their great- 


est oe The Sierra de la Plata extends to the south- 


west, the Elk mountains to the west, and the various chains 
forming the Park mountains to the north. The Park moun- 
tains, in latitude 41° 30’, sink into the plateau, forming the re- 
gion of the South Pass; and the only continuation we have of 
this system is in the Black Hills, which continue to the north, 
with diminished elevation, till, in latitude 46° 15’, they are 
merged into the coteau through which the Upper Missouri makes 
its passage. 

Among the mountains included in this system are the Sierra 
Madre, a portion of what is called the Rocky mountains, the 
Diabolo mountains, the Guadalupe mountains, Hueco mountains, 
Organ mountains, Sandia mountains, Santa Fe mountains, Sierra 
Blanca, Sierra Mojada, Sierra San Juan, Sierra de la Plata, Elk 
— Park mountains, Medicine Bow mountains, and Black 

lis, 

System No. 1 is thus but partially gorged by the Rio Grande, 
whose passage of the Great Cafion is wholly impracticable for 
any method of communication; that of El Paso is practicable. 
It is completely cut through by the North Platte and Sweet 
ne forming a practicable route; and is turned by the Upper 

issouri. 
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Low mountains or hills are known to exist between the Black 
Hills and the Wind River chain, about the headwaters of the 
Yellowstone and Missouri; but this region is too little known 
to be treated of with confidence, and when explored may have 
a decided effect in modifying this classification. 

System No. 2.—If, from the Great Northern Bend of the Mis- 
souri, we travel west for 450 miles, we come again upon what 
are called the Rocky mountains; and still further west lies the 
Coeur d’Alene, or Bitter Root range, the two enclosing the Bitter 
Root or St. Mary’s valley; and both are considered as forming 
a part of this system. i ollowing it to the south, it includes the 
Wind River chain, the Bear mountains, the Uinta mountains, 
and the Wahsatch, which last continue as far south as it has 
been explored, probably forming the divide between the Great 
Basin and the Colorado, till the junction of the latter with the 
Gila. 

System No. 8.—From the junction of the Gila and the Colo- 
rado, we find continuous mountains running to the northwest, 
and terminating at Point Conception, on the Pacific. On the 
south they are joined by the mountains forming the Peninsula 
of California, the junction being at the San Gorgonio Pass, in 
latitude 33° 45’. 

On the north, two chains leave this range in latitude 85°. 
One, called the Coast range and Coast mountains, lies to the 
west of the San Joaquin and Sacramento valleys, the waters of 
which break through them at the Bay of San Francisco. The 
other, called the Sierra Nevada, lies to the east of these valleys. 
A great depression, forming a plateau, is known to exist in the 
Sierra Nevada in latitude 40° 30’, and another in latitude 42° 
45’, near Lake Abert. This chain may, perhaps, be considered 
as terminating at or in these plateaus, or to find its continuation 
in the Cascade or Coast range, which extend into the British 
S* being broken through by the Columbia and partly 

y the Klamath rivers. 

The Blue mountains, to the south of the Columbia, represented 
as having a general northeast direction, may be considered, along 
with the mountains mentioned since leaving the Colorado, as 
forming system No. 3. 

The Humboldt River chain, running north and south, (where 
crossed,) and separating the waters of the Humboldt or Mary’s 
river from those of the Great Salt Lake Basin, is a marked fea- 
ture; but as to its connexion, north or south, with other ranges, 
nothing is certain. 

There seem good reasons for believing that the east and west 
ranges, represented as separating the Columbia River basin from 
the Great Basin, as well as the range represented as extending 
west from the Vegas of Santa Clara, are only apparently such, 
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the deception arising from the overlapping of the side spurs to 
chains, the general Desdien of which is north and south. 

The “triangular space” lying between the Rio Grande, Gila, 
and Colorado, is everywhere, so far as known, exceedingly 
mountainous; the ranges, such as the Mogollon and San Fran- 
cisco mountains, having a general northwest direction. ‘Too 
broad an interval the explorations of Lieutenant 
Whipple and those of Captain Gunnison, to enable us to speak 
with certainty of their relation to the systems already alluded to. 

In portions of the mountain region, the waters find no outlet 
to the sea, but drain into lakes and ponds, or sinks, carrying 
with them all the impurities of the basins to which they belong, 
and are there uniformly brackish or very salt. Prominent ex- 
amples of this are the Salinas Basin, of New Mexico, and the 
Great Salt Lake Basin in Utah. 

From most portions of this interior mountain belt, the waters 
have been able to force their barriers and escape to the ocean. 
The valleys thus drained are, those of the southern tributaries 
of the Upper Missouri, that of the North Fork of the Platte, 
and its tributary the Sweet Water, between the first and second 
systems; that of the Upper Rio Grande del Norte, in the first 
system; that of the Great Colorado of the West and its tributa- 
nes, between the first and second systems; those of the waters 
of the Bay of San Francisco and of the Klamath river, in the 
third system; and that of the Columbia river and its tributaries, 
between the second and third systems. Some of these streams, 
as well as others in the enclosed basins, have, in places, worn for 
themselves through the solid rock, the most stupendous chasms 
or cafions, often 2,000 feet in vertical height, many of which it 
is impossible to follow or to cross. 

The position of this belt of mountain region, stretching from 
north to south, gives rise to a peculiarity of climate and soil. 
Fertility depends principally upon the degree of temperature 
and amount of moisture, both of which are much affected by in- 
crease of elevation; and the latter also depends on the direction 
of the wind. The upper or return current of the trade-wind, 
flowing backward towards the northeast, gives a prevalence of 
westerly winds in the north temperate zone, which tends to 
spread the moisture from the Pacific over the western portion of 
our continent. These winds, however, ascending the western 
slope of the mountain ridges, are deprived of their moisture by 
the diminished temperature of the increased elevation; and 
hence it is that the plains and valleys on the eastern side of the 
ridges are generally parched and barren, and that the mountain 
system, as a whole, meen | as it were, a screen against the 
moisture with which the winds from the west come laden, has 
for its eastern margin a sterile belt, which probably extends 
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along the whole range, with a width varying from 250 to 300 
and 400 miles. 

From the foregoing sketch it will be perceived that the lines 
of exploration must traverse three different divisions or regions 
of country lying parallel to each other, and extending north and 
south through the whole of the western possessions of the Uni- 
ted States. The first is that of the country between the Missis- 
sippi and the eastern edge of the sterile belt, having a varying 
width of from 500 to 600 miles. The second is the sterile re- 
gion, varying in width from 200 to 400 miles; and the third, 
the mountain region, having a breadth of from 500 to 900 miles, 

Explorations show that the surface of the first division, with 
few exceptions, rises in gentle slopes from the Mississippi to its 
western boundary, at the rate of about six feet to the mile, and 
that it offers no material obstacle to the construction of a rail- 
road. It is, therefore, west of this that the difficulties are to be 
overcome. 

The concurring testimony of reliable observers had indicated 
that the second division, or that called the sterile region, was so 
inferior in vegetation and character of soil, and so deficient in 
moisture, that it had received, and probably deserved, the name 
of the desert. This opinion is confirmed by the results of the 
recent explorations, which prove that the soil of the greater part 
of this region is, from its constituent parts, necessarily sterile; 
and that of the remaining part, although well constituted for 
fertility, is, from the absence of rains at certain seasons, except 
where capable of irrigation, as uncultivable and unproductive 
as the other. 

This general character of extreme sterility likewise belongs to 
the country embraced in the mountain region. From the west- 
ern slopes of the Rocky mountains to the 112th meridian, or the 
western limit of the basin of the Colorado, the soil generally is 
of the same formation as that lying east of that mountain 
mixed, in the latitudes of 35° and 32°, with igneous rocks; an 
the region being one of t aridity, especi in the summer, 
the of cultivated and are limited. P The slo 
the highest mountain chains and spurs within this region being 
of a constitution favorable to-fertility, and receiving much larger 
depositions of rain than the plains, have frequently in their 
small valleys a luxuriant growth of grasses, which sometimes 
clothes the mountain-sides; and where the wash is deposited 
along a mountain valley or river-bottom the soil is fertile, and can 
be cultivated, if the elevations are not too great, and the means 
of irrigation are available. Such mountain-valleys and river-bot- 
toms exist upon all the routes, and the difference in the areas 
found in the different latitudes is not sufficiently great to be of 
any considerable weight in determining the question of choice of 


. 
t 
t 
‘ 
t 
c 
3 v 
R 


Explorations and Surveys for the Pacific Railroad. 73 


route. It is probable that all the routes are nearly on an equal- 
ity in this respect. 

The cultivable valleys of the Rocky mountain district near 
the route of the 47th parallel do not probably exceed an area of 
1,000 square miles, though there are extensive tracts of fine 
grazing lands. In this latitude the great sterile basaltic plain of 
the Columbia, and the barren table-lands, spurs, and mountain 
masses of the Cascade range, principally oceupy the space be- 
tween the Coeur d’Alene mountains and the main chain of the 
Cascade system. In this area, where the rocks are principally 
of igneous origin, there are likewise occasional valleys of culti- 
vable soil. The western slopes of the Cascade mountains de- 
scend to the borders of Puget sound. 

On the routes of the 41st and 38th parallels, in the region 
under consideration, the only large body of soil capable of pro- 
ductive cultivation, by the construction of suitable works for 
irrigation, is that of the basin of the Great Salt Lake, estimated 
to be 1,108 square miles in extent, about one-tenth part of 
which, being susceptible of cultivation without the construction 
of irrigating canals, is now cultivated by the Mormons. Here 
also are extensive grazing lands. 

The great elevated plain of the Rocky mountains in latitudes 
41° and 42°, and that of latitude 38°, called the San Luis valley, 
are covered with wild sage, the narrow border of grass found 
upon the streams being the chief and almost the only production 
capable of supporting animal life. The slopes of the mountains 
bounding them are covered with grass. 

The plains of the Great Basin, whose greatest width (500 
miles) is in latitude 41°, are, with the exception heretofore 
stated, entirely sterile, and either bare or imperfectly covered 
with a scattered growth of wild sage. Where a stream or lake 
is found in this desolate region, its immediate borders generally 
support a narrow belt of grass and willows; the former being 
also found on the mountain slopes, where occasionally a scat- 
tered growth of stunted cedars is likewise seen. Water is found 
on the mountain side. The predominating rocks, from the Wah- 
satch mountains to the Sierra Nevada, are of igneous origin. 
In the southern portion of the Basin the granitic rocks are more 
abundant than the veleanic. 

On the routes of the parallels of 35° and 82° the valleys of 
the Pecos, Rio Grande, Gila, and Colorado of the West, contain 
the largest areas of fertile soil capable of irrigation and cultiva- 
tion. That in New Mexico is estimated at 700 square miles, ex- 
clusive of the regions occupied by Indians, of which 200 square 
miles are now under cultivation. Here the grazing land is of 
very great extent, the table-lands, as well as the mountain sides, 
being covered with grass. The valley of the Colorado of the 
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West, between its mouth and the 35th parallel, contains 1,600 
square miles of fertile soil, which can be irrigated from the river. 

The plains south of the Gila in its lower course, and that 
west of the Colorado, extending to the Coast range, called the 
Colorado desert, as well as the contiguous portion of the Great 
Basin are bare and exceedingly sterile in their aspect, and close] 
resemble each other. The soil of the Colorado desert, and om 
of this as well as other parts of the Great Basin, is however, fa- 
vorably constituted for fertility, but the absence of the essential, 
quickening element, water, leaves them utterly unproductive. 

West of the Coast, Sierra Nevada, and Cascade mountains the 
country is better watered than that just considered; and the soil 
being mostly well constituted for fertility, is productive in pro- 

rtion to the yearly amount of precipitation and the means of 
irrigation. 

NOTES ON THE SEVERAL ROUTES. 


Route near the forty-seventh and forty-ninth parallels of north 
latitude——-The general direction of the Missouri from the Rocky 
mountains to the Great Bend, in latitude 48° 30’, is from west to 
east, and thence to latitude 43° 30’ southeast. The point where 
the direction changes is reached from St. Paul, on the Missis- 
sippi, by a line passing up on the east side of that river to Little 
Falls, 109 miles, and there crossing it; thence gaining the divide 
between the waters of Hudson’s Bay and those of the Missouri, 
keeping on this divide, and approaching, in longitude 103°, 
within a few miles of the 49th parallel; then passing southerly, 
between the 104th and 105th meridians, and entering the valley 
of the Missouri river. The route then follows this valley to the 
mouth of Milk river. The ground near the Missouri here be- 
coming rough and broken, the route is obliged to leave it and 
follow the valley of Milk river 187 miles; then entering the 
prairies, which near the mountains are more favorable for loca- 
tion than near the Missouri river, it continues in a line nearly 

rallel to the river, across its tributaries, the Marias, Teton, and 

un rivers, and enters either Clark’s or Cadotte’s Pass, [near 

The summit ridge of Clark’s Pass has an elevation of 6,323 
feet, and requires a tunnel 24 miles long, at an elevation of 5,300 
feet. Its connexion with the main line of survey along the val- 
ley of the Blackfoot river was not made, though “ believed” 
practicable, with grades of fifty feet per mile. The interval un- 
examined is 44 miles long. This pass has been adopted by 
Stevens in the railroad estimate, and is prac: 
ticable. 

The approach to the other pass (Cadotte’s) is difficult, owing 
to the numerous deep ravines of the tributaries of a branch of 
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Dearborn river, which the road must cross. The summit of the 

ass has an elevation of 6,044 feet; and requires a tunnel 4} 
miles long, at an elevation of 5,000 feet, with grades of approach 
of 60 feet, and of departure of 40 feet, per mile. 

A tunnel 4} or.even 2$ miles in length, in rock or part rock, 
at a depth below the summit of 1,000 feet, in a severely cold 
climate, 800 or 1,000 miles distant from a thickly inhabited 
district, is a work of vast difficulty; and the necessity of the 
construction of one of these two tunnels, in connexion with the 
character of the approach, and the difficult nature of the work 
required, continuing westward as far as the crossing of the Spo- 
kane river, in all a distance of 365 miles, is one of the most se- 
rious objections to the route. 

From either pass the route seeks the Blackfoot river, with the 
view of reaching Clark’s fork, which opens the only pass through 
the Bitter Root mountains, the practicability of which was de- 
termined. 

* * Having reached Clark’s fork, the route [the best of the 
two proposed] continues along this river as far as Lake Pend 
dOreille, between rugged, rocky mountains, which at several 
points crowd upon the river. The valley of this river is heavily 
timbered, principally with pine, and, with the lake, it is subject 
to freshets fifteen feet in height. Leaving Lake Pend d’Oreille 
at its lower extremity, the route crosses to the Spokane without 
difficulty. At the Spokane river the continuous mountain re- 
gion and the forest terminate, and “all great difficulties of loca- 
tion upon the route cease.” The earth-excavation and embank- 
ment throughout this section (from the east base of the Rocky 
mountains to the Spokane river, 365 miles) will be large in 
amount, and expensive; there will be frequent rock-excavation, 
and the bulk of the rock-excavation in the entire route will be 
in this section. It is evident that the difficulties of construction 
will be great, and the cost excessive. 

Leaving the Spokane, the route enters the Great Plain of the 
Columbia, a table-land stretching from the Coeur d’Alene to the 
Cascade mountains, a distance of 200 miles. Its central and 
western portions are of trap formation, and are described on the 
map as sandy, rocky, and sterile. Its summit, 800 feet above 
the Spokane river, is readily attained, the treeless plain is crossed 
ina fae of 110 miles, and a suitable point for crossing the 
Columbia river, 400 or 450 vards wide, reached, 140 miles dis- 
tant from the Spokane. This point is about equally distant 
from the navigable waters of the Pacific in Puget sound and in 
the Columbia river. The whole intermediate space is occupied 
by the Cascade mountains, with their secondary chains, spurs, 
and high, broken table-lands, through which there are but two 
passes reported practicable for a railroade—that of the Columbia 
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river and that of the Yakima, sometimes erroneously called the 
Snoqualme. 

The Yakima Pass gives the most direct reute to Puget sound, 
the distance by it being 150 or 160 miles shorter than by the 
Columbia River Pass. It requires a tunnel through rock, (sili- 
ceous conglomerate,) either 4,000 yards long, 3,000 feet above 
the sea, or a tunnel 11,840 yards long, 2,400 feet above the sea. 
The reconnoissance did not extend westward from the summit 
more than three miles. The evidence respecting the amount of 
snow found on the summit of the pass at the close of winter, 
makes it probable that it is then 20 feet deep there. This ques. 
tion should be satisfactorily settled, and the reconnoissance 
completed, before the practicability of the pass can be consid- 
ered established. In the opinion of the officer making the re- 
connoissance—Captain McClellan, Corps of Engineers—the pass 
is barely practicable, and only at a great cost of time, labor, and 
money. Under every favorable condition of position the con- 
struction of either of the proposed tunnels would be seriously 
objectionable; but where the position itself is so unfavorable, 
the final advantages should be very great to determine the selec- 
tion of this route. 'T'he information now possessed is sufficient 
to decide against this route. 

The route by the pass of the Columbia follows that river from 
the Great Plain, being generally located, as far as the Dalles, in 
bottom-lands which present no difficulties. From the Dalles to 
near Vancouver, 90 miles, the rocky bluffs close upon the river, 
and the work required will be similar to that of the Hudson 
River railroad along the mountain region. In the opinion of 
Mr. Lander, “the high floods to which the Columbia river is 
subject, are serious obstacles to obtaining the best location for 
cheap construction offered by its valley.” In 1854, the rise of 
the river during the flood was 10 feet above spring level, and 17 
feet above summer level. 

The Columbia river is navigable for sea-going vessels to Van- 
couver, the point now reached; but the unfavorable character 
of the entrance to that river, and the great superiority of the 
ports on Puget sound, seemed to render it expedient to adopt 
some one of the latter as the Pacific terminus of this route. 
Continuing down the Columbia, therefore, through bottom-lands, 
to the mouth of the Cowlitz, the route enters the wide and com- 
paratively flat and wooded valley of that river, ascends it, and, 
crossing over the wooded and prairie plains, which, “though not 
fully explored, are sufficiently well known to insure the unusually 
favorable character of the country for the construction of a rail- 
way,” reaches Seattle, the best port on the east side of Puget 
sound. 

The information upon the character of the soil upon the route 
does not admit of satisfactory conclusions to be detluced. It is 
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sufficient, however, to show that in this latitude, as in that of 
the Arkansas, the uncultivable region begins about the 99th 
meridian. Immediately under the Rocky mountains the soil 
improves, probably from the mountain wash. The tertiary and 
cretaceous formations extend, in these latitudes, from about the 
97th meridian to the eastern base of the Rocky mountains, and, 
under the meteorological conditions found in this space, are un- 
suitable for agricultural purposes. There are some very lim 
ited exceptions to this general character in portions of river 
bottoms. 

The country west of the Rocky mountains to the Pacific slopes 
may likewise be described as one of general sterility. The east- 
ern portion of the Great Plain of the Columbia is represented 
to be grassed ; its middle and western parts almost entirely sandy, 
rocky, and sterile. The mountain masses, spurs, and table-lands 
of the Cascade chain, east of the main crest, are sterile. There 
are exceptions to this general sterility in the mountain valleys, 
where the soil is better constituted for fertility, and the rains 
more abundant; but, although portions of these are suitable for 
agricultural purposes, they are better adapted to grazing. The 
sum of the areas of cultivable soil in the Rocky mountain region 
does not exceed, if it equals, 1,000 square miles. West of the 
Cascade mountains, there are rich river-bottoms, clay formations 
that are arable, and prairies offering good grazing. 

The principal favorable charateristics of this route are, its low 
profile, low grades, and the low elevation of the mountain passes, 
and its connexion with the Missouri and Columbia rivers. The 
reported sum of the ascents and descents is the least of all the 
routes; this proportion may, however, be changed when the 
minor undulations are measured. The principal unfavorable 
features are, in construction, the tunnel required on the Rocky 
mountains, and the difficulty and expense of construction from 
the eastern approach of the Rocky mountains to the Spokane 
river, and expense of the construction along the Columbia river, 
from the Dalles to near Vancouver. These, when considered 
carefully, are serious objections to the route, not only in the 
money, but the time, they will consume. In thickly populated 
countries their construction would be difficult and costly; situ- 


ated as they are—the Rocky mountain region especially—the 


difficulties, cost, and time required, are greatly increased. 

The severely cold character of the climate throughout the 
whole route, except the portion west of the Cascade mountains, 
is one of its unfavorable features; and, for national considera- 
tions, its proximity to the dominions of a powerful foreign sov- 
ereignty must be a serious objection to it as a military road. 

Its cost has been estimated by Governor Stevens, by the Co- 
lumbia River valley and the Cowlitz, at $117,121,000; the cost 
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of work at eastern prices having had 26 per cent added to it 
from the Bois des Sioux to the Rocky mountains, and 40 per 
cent thence to the Pacific. It has been thought safer to add 100 
per cent to the cost at eastern prices from the eastern slope of 
the Rocky mountains to the Pacific. This would swell the esti- 
mate to $150,871,000. 

Should Governor Stevens have included a full equipment in 
his estimate, $10,000,000 should be subtracted from this sum to 
bring the estimate in accordance with those of the other routes, 
and the cost then becomes $140,871,000. 

The length of the route from St. Paul to Vancouver is 1,864 
miles. The sum of ascents and descents, as far as reported, is 
18,100 feet, which will be equivalent, in the cost of working the 
road, to an increased horizontal distance of 843 miles: this 
added to the length of the line of location, gives for equated 
length 2,207 miles. 

From St. Paul to Seattle, by the Columbia route, is 2,025 
miles, which the sum of ascents and descents increases to an 
equated distance of 2,387 miles. 

Route near the forty-first and forty-second parallels of north lati- 
tude-—The route may commence on the Missouri, either at Fort 
Leavenworth, about 245 miles from the Mississippi at St. Louis, 
or at Council Bluffs, about 267 miles from the Mississippi at 
Rock Island, ascend the Platte and enter the eastern chain of 
the Rocky mountains (the Black Hills) by the North fork and 
its tributary, the Sweet Water. Another route, by the South 
fork and a tributary called Lodge Pole creek, has been suggested 
by Capt. Stansbury as shorter and less expensive; but the in- 
formation respecting it is not sufficiently full to make further 
mention of it necessary. 

From the Missouri river to the entrance of the Black Hills, 30 
miles above Fort Laramie, 520 miles from Council Bluffs, and 
755 miles from Fort Leavenworth, the route resembles others 
from the Mississippi to the Rocky mountains, and needs no spe- 
cial mention. Its cost per mile will be about the same. 

The route west of this point crosses many lateral streams that 
have cut deep ravines into the soil, and leaves the Platte just 
below the Hot Spring Gap, above which it is walled in by cafi- 
ons. To avoid these, the route crosses a range of hills 800 feet 
above the river, and descending to the Sweet Water, a branch 
of the Platte, follows that stream to its source, where the summit 
of the plateau of the South Pass (elevation 7,490 feet) is attained. 
The valley of the Sweet Water is generally rather open, but oc- 
casionally it cuts through mountain spurs, forming cafions. 

From the first gorge in the Black Hills to the summit of the 
pass, 291 miles, the work will be difficult and expensive, and in 
amount approaches that of the Baltimore and Ohio railroad. 
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From the South Pass, the route follows down Sandy creek, a 
tributary of Green river, to the crossing of the latter, and thence 
to Fort Bridger, (elevation 7,254 feet,) on Black’s fork, likewise 
a tributary of Green river. The amount of work on this section 
would be considerably less than on the preceding. 

From Council Bluffs to Fort Bridger the distance is 942 miles; 
from Fort Leavenworth 1,072 miles. 

The route now ascends the divide between the waters of Green 
river and those of the Great Salt lake, by the valley of Black's 
fork, or of one of its tributaries, with grades of 69°5 and 40°3 
feet per mile. The summit is a broad terrace at the foot of the 
Uinta mountains, and has an elevation of 8,373 feet. From this 
point the line descends over the undulating country separating 
the Uinta and Bear River mountains, crossing the head of Bear 
river, and, entering the valley of White Clay creek at its head, 
follows down that stream to its junction with Weber river. 

The Wahsatch mountains now intervene between this plateau 
country and the Great Salt lake, and the passage through them 
may be effected by following Weber river, or by ascending to 
near the sources of the Timpanogos; and descending that stream 
—both being affluents, directly or indirectly, of the Great Salt 
lake—the distances are about the same to their common point 
on that lake. ° 

Entering the valley of Great Salt lake from either the Weber 
or the Timpanogos cafion, there is no obstacle to the construction 
of a railway passing by the south end of the lake, and crossing 
the Jordan, Tuilla valley, and Spring or Lone Rock valley, to 
its west side. 

By the valley of the Timpanogos, the distance from near Fort 
Bridger to the south end of the Great Salt lake, on the western 
side of the valley of the Jordan, is 182°55 miles; the greatest 
grade required, 84 feet to the mile. The amount of work re- 
quired on this section, excepting that along the cafion, will not, 
in the opinion of Lieutenant Beckwith, be great. 

From the western shore of Great Salt lake to the valley of 
Humboldt river, the country consists alternately of mountains, 
in more or less isolated ridges, and of open level plains, rising 
gradually from the level of the lake on the east, to the base of 
the Humboldt mountains on the west; that is, from 4,200 feet 
to 6,000 feet above the sea. West of the Humboldt mountains 
the country is of the same character, the plains declining until, 
at the west shore of Mud lake, usually called the foot of the 
Sierra Nevada, the elevation is 4,100 feet. 

The mountains in this space of 500 miles, (by the route trav- 
elled 600 miles,) between the Great Salt lake and the foot of the 
Sierra Nevada, have a general north and south course. Occa- 


sionally cross-spurs close in the valleys to the north and south, 


00 
of 
in 
to 
es, 
64 
he 
a 
118 
ed 
25 
an 
rt 
18, 
at 
of 
id 
th 
od 
er 
i 
0 
rs 
it 
st 
i- 
h 
it 


\ 


80 Explorations and Surveys for the Pacific Railroad. 


but more frequently this isolation is only apparent. The moun- 
tains are sharp, rocky, and inaccessible in many parts, but are 
low and easily passed in others. Their general elevation varies 
from 1,500 to 3,000 feet above the valleys, and but few of them 
retain snow upon their highest peaks during the summer. The 

are liberally supplied with springs and smal! streams, but the lat- 
ter seldom extend far into the plains. At the time of melting 
snows there are many small ponds and lakes, but at other sea- 
sons the waters are absorbed by the soil near the base of the 
mountains. Grass is found in abundance upon nearly every 
range, but timber is very scarce—a small scattered growth of 
cedar only being seen upon a few ranges. East of the Humboldt 
mountains the growth of cedars is more abundant, and the grass 
better, than to the west. The valleys rarely have a width east 
and west of more than five or ten miles, but often have a large 
extent north and south. They are irregular in form, frequently 
extending around the ends of mountains, or uniting to succeed- 
ing valleys by level passages. The greater part of the surface 
of these valleys is merely sprinkled by several varieties of som- 
bre artemisia, (wild sage,) presenting the aspect of a dreary waste. 
Though there are spots more thickly covered with this vegeta- 
tion, yet the soil is seldom half covered with it, even for a few 
acres, and is nowhere suitable for settlement and cultivation. 
Immediately west of Great Salt lake there is a plain of mud, 
clay, and sand, impregnated with salt, seventy miles in width 
from east to west by its longest line, and forty at a narrower 
part further south, thirty miles of which must be piled for the 
passage of a railroad across it. A railroad may be carried over 
this series of valleys and around the mountain masses, at nearly 
the general level of the valleys. 

The route in this manner reaches the foot of the Humboldt 
mountains, a narrow but elevated ridge, containing much snow 
during most of the year, and crosses them by a puss nine miles 
long, about three of which are occupied by a narrow, rocky ra- 
vine, above which the road should be carried on the sloping 
spurs of the mountains on the western descent; elevation of 
summit 6,579 feet above the sea. At the time when passed, 
21st May, snow covered the high peaks above it, and a few 
drifts extended into the ravines down to the level of its summit. 

The descent is now made to the open valley of Humboldt 
river, which is followed for about 190 miles. The steepest 
grade proposed in the pass of Humboldt mountain is 89 feet per 
mile for eight miles, but this can be reduced by gaining distance 
to any desirable extent. 

The Humboldt river, as described by Colonel Fremont, is 
formed by two streams rising in mountains west of the Great 
Salt lake. Its general direction is from east to west, coursing 
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among broken ranges of mountains; its length about three 
hundred miles. It is without affluents, and terminates near the 
foot of the Sierra Nevada in a marshy lake. It has a moderate 
current—is from two to six feet deep in the dry season, and 
probably not fordable anywhere below the junction of the two 
streams during the melting of the snows. The valley varies in 
width from a few miles to twenty, and, excepting the immediate 
river-banks, is a dry, sandy plain, without grass, wood, or arable 
soil. Its own immediate valley (bottom) is a rich alluvium, cov- 
ered with blue grass, herds-grass, clover, and other nutritious 
grasses, and its course is make through the plain by a line of 
willow. 

Of the three lines from the Humboldt river to the foot of the 
Sierra Nevada, the best is that by the Noble’s Pass road, as it 
avoids the principal range of mountains crossed on the line fol- 
lowed a few miles south. The line followed crosses two ranges 
of the general character of the Basin mountains, and reaches the 
foot of the Madelin Pass of the Sierra Nevada [lat. 41°], on the 
west shore of Mud lake, in a distance of 119 miles, and at an 
elevation of 4,079 feet above the sea. 

In this latitude, the Sierra Nevada was found to be a plateau 
about 5,200 feet above the sea, 40 miles in width from east to 
west, enclosed at these limits by low mountains, the summits of 
the passes through which are 400 and 500 feet above the base. 
The plain is covered with irregular spurs, ridges, and isolated 
peaks, rising a few hundred feet, limiting it in a north and south 
direction sometimes to a space of a few hundred yards, and at 
others to that of ten miles. These spurs, &c., on the eastern 
portion of the plateau, are sparsely covered with cedar; on the 
western, heavily covered with pine. 

There is no drainage from this plain, the waters of a few 
small streams and springs forming grassy ponds upon its surface. 
In its general features it is similar to the Great Basin, excepting 
that as more rain falls upon it, the vegetation is comparatively 
lvxuriant. 

There are two routes by which this plain may be reached from 
the Great Basin, and the descent made to the Sacramento river. 
That by the Madelin Pass, the more northern, is most probably 
the better of the two, and is the only one necessary to be con- 
sidered. Leaving Mud lake, it ascends by the valley of Smoky 
ereek for three miles, through a narrow gorge (from 100 to 150 
yards wide) in an outlying spur of the Sierra Nevada. 

After this, the route is over more open ground, varying, in 
degree, to the summit of the passage through the eastern ridge 
bounding the Sierra Nevada plateau. The pass is thus far of a 
very favorable character—the length of the ascent is 22°89 miles ; 
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the difference of elevation, 1,172 feet; the altitude of the sum- 
mit, 5,667 feet; and the steepest slope is 75 feet per mile. 

The plateau being gained, is crossed by a nearly level line to 
the low ridge bounding it on the west, the summit elevation of 
which, 5,736 feet, is attained by following a ravine valley. 

The descent to the Sacramento along one of its tributaries is 
now commenced, and is at first rapid. ad a - 

The distance from Fort Bridger to Fort Reading by the line 
of Lieutenant Beckwith’s profile is 1,012 miles; from Fort Leay- 
enworth to Fort Bridger, 1,072 miles—making the whole dis- 
tance from Fort Leavenworth to Fort Reading, on the Sacra- 
mento, 2,084 miles, and to Benicia 2,264 miles. 

The distance from Council Bluffs to Benicia fon the Bay of 
San Francisco] by the above route is 2,134 miles. 

Using the line along which the route can be located in the 
Great Basin, about 108 miles shorter than that travelled, the dis- 
tances become, from Fort Bridger to Fort Reading, 909 miles; 
from Fort Leavenworth to Fort Reading, 1,980 miles; and to 
Benicia, 2,161 miles. 

The distance from Council Bluffs to Benicia becomes 2,031 

The winter climate is known to be severe on the plains east of 
the Rocky mountains in this latitude. That it is more severe, 
and of long duration, upon the great table-land of the Rocky 
mountains, is to be inferred. Lieut. Beckwith found the sun 
had not yet begun to melt the snow upon the terrace divide on 
the western border of the plateau, and about 1,000 feet above 
it, when he crossed the former, on the 10th of April. The snow 
was here from twelve to sixteen inches deep, and had accumu- 
lated in deep drifts on the northeast slopes of the hills and ra- 
vines. Captain Stansbury found the Uinta mountains covered 
with snow for a considerable distance from their summits on the 
19th of August. The quantity of snow that falls upon the great 
undulating plain between Fort Laramie and Fort Bridger is not 
exactly known. It is probable that no unusual difficulty may 
be apprehended from it on this plain, or on the terrace divide, 
where crossed by Lieut. Beckwith; but the fall of snow in the 
Wabhsatch and other mountains is very much greater, and accu- 
mulates in their gorges, ravines, ll cafions, to great depths. 
eee Lieut. Beckwith does not apprehend unusual diffi- 
culties from this cause along the proposed railroad route in this 
region, or in that of the Madelin my 

he supply of water upon the Rocky mountain plateau must 
be very limited at certain seasons of the year: the distances 
apart of these supplies are not given. 

Abundant supplies of water were found by Lieut. Beckwith on 
the mountains of the Great Basin. The season of the year when 


he crossed it—the spring—was the most favorable in this respect. 
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On this route, as on others, from the 98th or 99th meridian to 
the western slopes of the Sierra Nevada, a distance of 1,400 
miles, the soil is uncultivable, excepting the comparatively lim- 
ited area of the Mormon settlement, and an occasional river-bot- 
tom and mountain valley of small extent. 

West of the Black Hills the plains are covered with artemi- 
sia, rarely furnishing any grazing except along the water-courses 
—the mountains being generally clothed, to a greater or less 
extent, with grass. The barren aspect of the Great Basin has 
been already described. In that desolate region there are but 
few and very limited areas where the conditions of soil, water, 
and temperature requisite for cultivation, are found. 

The features of this route, favorable to the economical con- 
struction of a railroad, are apparent from the description of it 
which has just been given. Its unfavorable features may be 
briefly described: as the costly construction, for nearly three 
hundred miles along the Platte and Sweet Water, in ascending 
to the summit of the South Pass; in the cafion of the Timpano- 
gos; in the two cafions of the Sacramento, fourteen and nine 
miles in length; and in the very sinuous course of the river, for 
the space of ninety-six miles, through heavily timbered moun- 
tains rising precipitously from the stream—the cost of construct- 
ing a railroad se which cannot be properly estimated until 
minute surveys are made. 

Although the route passes over elevated regions, the sum of 
ascents and descents is the next least after that of the 47th par: 
allel, which is to be attributed to the table-land character of the 
mountain districts. 

It partakes of the character of the route near the 47th parallel, 
in the long and severe winters on the plains east of the Rocky 
mountains and westward to the Great Basin. 

The cost, as estimated in the office, from Council Bluffs to 
Benicia, a distance of 2,031 miles, is $116,095,000. 

The survey of the western portion of this route by Lieuten- 
ant Beckwith, has resulted in the discovery of a more direct and 

racticable route than was believed to exist from the Great Salt 
ake to the valley of the Sacramento. Since his report was 
made, a brief communication from Brevet Lieut. Col. Steptoe, 
commanding the troops in Utah, has announced the discovery 
of a still more direct route from Great Salt lake to San Francisco. 
The new portion of this route passes to the south of Humboldt 
or Mary’s river, and, entirely avoiding the difficulties experienced 
by travellers along that stream, proceeds to the valley of Carson 
river, being well supplied with water and grass. From Carson 
river it crosses the Sierra Nevada by the passes at the head of 
that river, and descends to the valley of the Sacramento, being 
practicable throughout for wagons. 
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In the absence of instrumental surveys affording data for the 
construction of profiles, no opinion can be formed as to the prac- 
ticability of this route for a railroad. Should it be found practi- 
cable, however, it will lessen the length of the route of the 41st 
parallel, and still further diminish its difficulties, already known 
to be less than on any other route except that of the 32d parallel. 

Route near the thirty-eighth and thirty-ninth parallels of north 
latitude.—The exploration of the route conducted by Captain J. 
W. Gunnison, corps of Topographical Engineers, commenced on 
the Missouri at the mouth of the Kansas, about 245 miles from 
the Mississippi at St. Louis. The Kansas, and its branch called 
the Smoky Frill fork, were followed to a convenient point for 
crossing to the Arkansas, the valley of this latter river having 
entered west of the Great Bend and near the meridian of 99°. 
The route then ascended the valley of the Arkansas to the 
mouth of Apishpa creek, fifty miles above Bent’s Fort; leaving 
it here, and crossing to the entrance of the Rocky mountains, 
here called the Sierra Blanca, at the Huerfano Butte, on the 
river of that name, a tributary of the Arkansas. The elevation 
at this point is 6,099 feet; its distance from Westport, mouth of 
the Kansas river, by the railroad route, 654 miles. 

Of the several passes through the Rocky mountains connect- 
ing the tributaries of the Huerfano with those of the Rio del 
Norte, but one, the Sangre de Cristo, was found practicable for 


a railroad, the new and only practicable —— to this pass 


being explored by Captain Gunnison. By side location the sum- 
mit, 9,219 feet above the sea, 692 miles from Westport, was at- 
tained, aud the descent made to the valley of the Rio Grande 
with practicable though heavy grades; and thence the grades 
were favorable to the vicinity of Fort Massachusetts. 

The western chain of the Rocky mountains is now to be 
crossed in order to gain and traverse the basins of the two great 
tributaries of the Colorado of the West, Grand and Green rivers. 
For this purpose the valley of San Luis, an extensive, unculti- 
vable plain, covered for the most part with wild sage, was as- 
cended with easy grades to Sahwatch creek, one of whose afflu- 
ents rises in a pass of the Rocky mountains, here called the 
— mountains, known by the name of the Coo-che-to-pa 

ass. 

The approach to the summit of the pass, 10,082 feet above 
the sea, 816 miles from Westport, is not favorable, the pass in 
this: part having a defile character, overhung occasionally by 
walls of igneous rock. To cross the summit, a grade of 124 
feet per mile for several miles, and a tunnel nearly two miles 
long are required. The descent, with grades varying from 41 to 
108 feet per mile, is by the valley of Pass creek, along which 
much cutting and filling will be necessary, as the hills are cut by 
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numerous ravines. For 16 miles before the junction of Pass 
creek with Coo-che-to-pa creek, the former passes through a bro- 
ken cafion. After tiliowing Coo-che-to-pa creek seven miles, 
the valley of Grand river is attained. 

The route follows the valley of this river 173 miles, then 
crosses the divide to Green river, 68 miles, and by the tributa- 
ries of the latter approaches the pass through the Wahsatch 
mountains. A tunnel three-quarters of a mile long is here re- 
quired, the eastern approach to which is by means of a grade of 
125 feet per mile for 6} miles, and a descent to the west for 5 
miles of 131 feet per mile. Thence westward along the valley 
of Salt creek for 18 miles the grade is 95 feet per mile, 16 miles 
of which is through a rocky cafion, intersected by lateral streams. 
The route then enters the valley of the Sevier, the exploration 
terminating on this river, 86 miles farther on, and 1,348 miles 
from Westport. 

From the western border of the State of Missouri to the Rocky 
mountains, 650 miles, no timber suitable for railroad purposes 
will be found, upon which reliance can be placed. From the 
Coo-che-to-pa Pass to the Great Basin, 500 miles, there is none 
available on the route, and the nearest supplies on the moun- 
tains bordering the Great Basin are in latitudes 40° and 41°. 
With building-stone it is about as well supplied as the other 
routes. Of water there is a sufficient supply, except between 
Grand and Green river, a distance of 70 miles, where, at certain 
seasons of the year, little or none is found. 

The soil west of the meridian of 99° is, under the present me- 
teorological conditions, uncultivable, except in limited portions 
of river-bottoms and small mountain valleys; these latter, from 
their great elevation, being better adapted to grazing than agri- 
cultural purposes. ‘This description is completely in accordance 
with the geological formation and meteorological condition; the 
former, from the meridian of 99° west, being apparently tertiary, 
excepting in the high mountain passes. 

This route may be considered to possess, in common with that 
of the 41st parallel, the large body of fertile soil in Utah Terri- 
tory occupied by the Mormons, the area of which is about 1,108 
square miles. 

The coal field of Missouri lies at the eastern extremity of this 
route; the indications of coal in the Grand and Green River ba- 
sins make it highly probable that seams sufficiently thick for 
profitable mining exist there. 

In regard to grade and construction, it is unnecessary to enter 
into any discussion of that portion of the route from Westport 
to the Sangre de Cristo Pass. It presents no —- difficulties 
or advantages, but is similar to the routes of the 47th and 41st 
parallels, 
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It would appear that the Sangre de Cristo and Coo-che-to-pa 

Passes are practicable in grade ; Put the construction of the road 

through the Coo-che-to-pa Pass, and the western approach to it, 

would be costly under favorable circumstances of population, 

&c., not only on account of the tunnel, but of the numerous ra- 

vines that are crossed west of the pass, and the cafion that follows. 
* * x * 

The difficulties of engineering and the cost of construction of 
this portion of the route from the Coo-che-to-pa Pass to Sevier 
river, in the Great Basin, a distance of about 500 miles, would 
be so great that it may be pronounced impracticable; and it is 
evident, from the report of Lieutenant Beckwith, that, to use his 


own language, “no other line exists, in the immediate vicinity of 


this, worthy of any attention in connexion with the construction 
of a railroad from the Mississippi river to the Great Basin.” 


Route near the thirty-fifth parallel of north latitude-—Commenc- 
ing at Fort Smith, on the Arkansas river, about 270 miles from 
the Mississippi at Memphis, the route, as far as the Antelope 
Hills on the Canadian, a distance of 400 miles, may follow either 
the valleys of the Arkansas and Canadian, or a shorter line per- 
haps, but over more ground, south of the Canadian, this latter 
route branching again, and following either the valley of the 
Washita, or the dividing ridge between it and the Canadian. 

From the Antelope Hills the route continues along the bottom 
of the Canadian, on the right bank, to the mouth of Tucumcari 
creek, about 250 miles, aan ascends by the valley of Tucumcari, 
or by that of Pajarito creek, to the dividing ridge between the 
Canadian and the Pecos rivers, elevation about 5,543 feet, and 
enters the valley of the latter. It follows this valley until, by 
means of a tributary, it rises to the high table-land, or basin, 
lying east of the Rocky mountains, elevation about 7,000 feet, 
crosses the elevated Salinas basin, 30 miles wide, the lowest 
point being 6,471 feet, and gains the divide in the Rocky moun- 
tains, elevation about 7,000 feet; from which point it descends 
to Albuquerque, or Isleta, on the Rio Grande, through the San 
Pedro Pass; or it may descend to the Rio Grande by the valley 
of the Galisteo river, north of Sandia mountain. A third route 
is indicated along the valley of the Pecos to its headwaters; 
thence to an affluent of the Galisteo; and thence, as before, to 
the Rio Grande. 

Isleta, on the Rio Grande, is 854 miles from Fort Smith, and 
4,945 feet above the sea. 

Crossing the ridge separating the Rio Grande frem the Puerco, 
the route follows the valley of its tributary, the San José, to 
one of its sources in a pass of the Sierra Madre, called the 
Camino del Obispo; at the summit, (elevation 8,250 feet,) a tun- 
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nel three-fourths of a mile long, at an elevation not less than 
8,000 feet, is required, when the descent is made to the Zufii 
river and near the Pueblo of Zufii. The route then crosses, over 
undulating ground, to the Puerco of the West, at the Navajo 
spring. 

rshnether route across the Sierra Madre, about twenty miles 
farther north, was examined by Mr. Campbell, which is far more 
favorable. The height of the summit is about 6,952 feet above 
the sea and it is passed without a tunnel [as stated in a subse- 
quent Report of Capt. A. A. Humphreys, U.S. Topog. Eng.] 

The Puerco of the West heads in this pass, and the route 
follows the valley of this stream, (intersecting the other line at 
Navajo spring,) to its junction with the Colorado Chiquito; then 
the valley of that stream to the foot of the southeastern slopes 
of the San Francisco mountains, (112° W.) elevation 4,775 feet ; 
distance from Fort Smith 1,182 miles, and from the crossing of 
the Rio Grande 328 miles. Here it ascends to the dividing 
ridge between the waters of the Gila on the south, and of the 
Colorado of the West on the north, and continues (or nearly 
so) upon it for about 200 miles, to the Aztec Pass, elevation 
6,281 feet; distance from Fort Smith 1,350 miles. The highest 
point reached upon this undulating ridge is 7,472 feet, at Le- 
roux’s spring, at the foot of the San Francisco mountain. From 
the Aztec Pass, the descent to the Colorado of the West is made 
by a circuitous route northward along valleys of its tributaries, 
the largest and last being Bill Williams’s fork, the mouth of 
which, on the Colorado, is 1,522 miles from Fort Smith, and at 
an elevation above the sea of about 208 feet. 

The Colorado is now ascended 34 miles, when the route, leav- 
ing it at the Needles, follows what was erroneously supposed to 
be the valley of the Mohave river, but which proved to be the 
valley of a stream, dry at the time, whose source was in an 
elevated ridge, which probably divides the Great Basin from 
the waters of the Colorado. The summit having been attained, 
at an elevation of 5,262 feet above the sea, the » Arona is made 
to Soda lake, the recipient at some seasons of the waters of the 
Mohave river, 1,117 feet above the sea, with an average grade 
of 100 feet to the mile for 41 miles—the steepest grade yet re- 
quired on this route. From Soda lake, the ascent to the summit 
of the Cajon Pass, elevation 4,179 feet, in the Sierra Nevada, is 
made by following the valley of the Mohave river. The summit 
of this pass, by the line of location, is 1,798 miles from Fort 
Smith, and 242 from the point of crossing the Colorado. Here 
a tunnel of 24 or 3; ie through white conglomerate sand- 
stone is required, descending to the west with an inclination of 
100 feet to the mile, which grade will be the average for 22 
miles into the valley of Los p coone Sy if the broken character of 
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the hills should be found, upon careful examination, to admit of 
such side location as would reduce to that degree the natural 
grades varying between 90 and 171 feet per mile. Thence to 
the port of San Pedro the ground is favorable for location. * * 

[the subsequent Report referred to above, states that the tun- 
nel of the Cajon Pass may be avoided, and the whole distance from 
Fort Smith to San Pedro by the plotted railroad track is 1,760 
miles instead of 1,892 miles, the length before given. Other dis- 
tances, and the elevations of some of the passes, are also reduced.] 

Forest growth, furnishing timber of size suitable for ties and 
lumber for railroad uses, is found in the following localities: 
continuously on the route east of longitude 97°; in or near the 
Pecos valley; in the Rocky Mountains and Sierra Madre; in 
the Mogollon mountains, (south of the route,) in which the 
Colorado Chiquito and some of its tributaries rise; on the slopes 
of the San Francisco mountain; and continuously, with short 
intervals, for more than 120 miles; and on the Sierra Nevada. 
The distances apart of these points of supply are respectively 
540 miles, 100 miles, 150 miles; from the Sierra Madre to San 
Francisco mountain, 250 miles; then for a space of about 120 
miles the supply may be considered continuous; thence to the 

[The subsequent Report, states the expenses of this route as 
follows : 

From Fort Smith to San Pedro, 1760 miles, $86,130,000 

From Fort Smith to San Francisco, crossing direct from 

the Mohave river to the Tay-ee-chay-pah Pass, dis- 
tance 2,025 miles, $94,720,000] 

Route near the thirty-second parallel of north latitude.—The ex- 
plorations made upon this route are, from Preston, on Red river, 
to the Rio Grande, by Capt. John Pope, Topographical Engi- 
neers; from the Rio Grande, near Fort Fillmore, to the Pimas 
villages, on the Gila, by Lieut. John G. Parke, Topographical 
Engineers. From the Pimas villages to the mouth of the Gila, 
the reconnoissance in New Mexico and California of Major W. 
H. Emory, Topographical Engineers, in 1846, has been used; 
and from the mouth of the Gila to San Francisco, the explora- 
tion of Lieut. R. S. Williamson, Topographical Engineers, has 
furnished the data. 

Fulton, on the Red river, about 150 miles from the Mississippi, 
may be considered the eastern terminus of the route, although 
the examination of Capt. Pope extends only to Preston, 133 
miles farther west. A direct line from Fulton to the point on 
the eastern border of the Llano Estacado selected by Capt. Pope 
for crossing it, would give more favorable ground than that trav- 
ersed by him between Preston and this point; the latter in a 
distance of 352 miles gives generally easy grades and cheap 
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construction through a country alternately wooded and open, 
abundantly supplied with water and fuel, and with forest growth 
suitable for ties and lumber for two-thirds of the length. From 
Fulton to the eastern border of the Llano Estacado is 485 miles, 
870 of which are wooded. 

The exploration of Capt. Pope comprised three distinct belts 
of country, the first of which has been just described above. 
The second is the Llano Hstacado, whose mean elevation is 
4,500 feet, the smooth surface of which along the route pro- 
posed, 225 miles from the eastern border to the Pecos river, 
presents in this respect great facilities for the construction of a 
railroad. It is, however, at certain seasons of the year destitute 
of water, is scantily supplied with grass, and not a single tree 
is to be seen upon it. Its geological formation is such as to 
render the success of obtaining water by artesian wells, at mod- 
erate depths, highly probable [since proved practicable by trial.] 
During, and for some time subsequent to the rainy season, there 
are here, as on most other arid plains, numerous ponds, the con- 
tenis of which might be collected in reservoirs; but the distance 
from the Colorado Springs to the Pecos, 125 miles, is not so 
great as to form a serious obstacle to the working of a railroad. 

Between the Pecos and the Rio Grande, 163 miles, three 
mountain chains rise from the table-lands, the Guadalupe, Hueco, 
and Organ mountains. The Guadalupe mountain is crossed 
without a tunnel, elevation of summit 5,717 feet, and with a 
grade of 108 feet to the mile for 22 miles. A high viaduct and 
heavy cutting and filling for three miles near the summit, form 
the costly and difficult part of the pass. The Hueco Pass is still 
more favorable, the greatest grade being about 80 feet to the 
mile; the elevation of the summit, 4,812 feet. The Organ 
mountain is turned just before reaching the Rio Grande at Mo- 
lino and El Paso. 

A peculiarity of the mountains in the western part of the 
continent, in this and other latitudes, is, that they have no inter- 
vening deep secondary valleys between the main chain and the 

lains. Over the usually uniform and smooth surface of these 
ast, the general elevation of which, between the Pecos and the 
Rio Grande, is from 4,000 to 4,500 feet, the valley of the Rio 
Grande is attained near Molino, at an elevation of 3,830 feet, 
and at a distance of 787 miles from Fulton. 

The region between the Rio Grande and the Pimas villages 
on the Gila, just above which point the latter leaves the moun- 
tain region, may be described as a great plain, interrupted irreg- 
ularly and confusedly by bare, rugged, abrupt, isolated moun- 
tains or short ranges, around or through the passes in which a 
railroad may be constructed with quite practicable grades. The 
mean elevation of this plain, or series of basins into which the 
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ridges divide it, is about 4,100 feet; the mean elevation of the 
summits of the passes through the ridges is 4,700 feet, the high- 
est, ay the Chiricahui range, being 5,180 feet. Except 
through the passes, the surface is so smooth as to require but 
little preparation to receive the superstructure of a railroad; 
and even in the two most difficult of the passes, the natural 
slope of the ground may be used for a railroad until the con- 
struction of the road reduces the cost of materials and supplies 
to the lowest rates. In one of these two passes (the Chiricahui) 
the steepest natural slope is 194 feet per mile for 24 miles, In 
the second pass the steepest natural slope is 240 feet per mile for 
three-fourths of a mile. Both these grades are within the power 
of a thirty-ton engine, carrying 200 passengers and baggage. 

In one case deep cutting in rock, or a tunnel near the surface, 
at the summit, with heavy side cutting and high embankments 
for short distances; and, in the other, a short cut of 60 feet, 
probably through rock, are proposed by Lieut. Parke, to attain 

des of 46 feet and 90 feet per mile, or less by increasing 
stance. 

The great difficulty experienced in crossing this district is in 
the long distances over which no water is found at certain sea- 
sons. ‘The survey by Lieut. Parke was made during the dryest 
season of the year, and, irrespective of the springs found at in- 
termediate points, the whole distance between the two rivers, 
Rio Grande and Gila, may be divided into five spaces, varying 
from 80 to 53 miles in length, at the termination of which, large 
permanent supplies of water are found at the most unfavorable 
season of the year. 

These spaces and points are— 

From the Rio Grande to the Rio Mimbres, 75 miles, 

From the Rio Mimbres to the stream of the Valle de Sauz, 72 “ 

From the Valle de Sanz to the San Pedro, 80 “ 

From the San Pedro to the Tuczon, so.” 

From Tuczon to the Gila, 79 

From the point now attained, the nearest port in our territory 
is San Diego, but the passes of the intervening Coast range are 
very difficult, if not impracticable, and the route is forced north- 
ward to the San Gorgonio Pass, which is much the most favora- 
ble of the passes in the Coast range explored by Lieut. William- 
son for this route. It is an open valley, from two to five miles 
wide, the surface smooth ana unbroken, affording, in its form 
and inclination, every facility to the building of a railroad. The 
entrance of this pass is 133 miles from the mouth of the Gila, 
in a straight line over the Colorado desert, a smooth and nearly 
horizontal plain, requiring but little preparation for the super- 
structure of a railroad. "Thirty-five miles of this is a gravel 
plain; the remainder is alluvial soil, which only needs irrigation 
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to be highly productive. On this latter soil, water is found at a 
depth of 30 fet. 

he steepest natural slope, in ascending to the summit of this 
valley pass, (elevation 2,808 feet,) is 132 feet per mile for two 

From the report of Capt. Pope, it would appear that the belt 
of fertile land which lies on the west side of the Mississippi 
throughout its length, extends on this route nearly to the head- 
waters of the Colorado of Texas, in about longitude 102°—that 
is, about three degrees farther west than on the more northern 
routes. The evidence adduced in support of this opinion is, 
however, not conclusive; and, until it is rendered more complete, 
the fertile soil must be considered in this, as in other latitudes, 
to terminate about the 99th meridian. Thence to the Pacific 
slopes the route is over uncultivable soil, though generally 
grassed, the exceptions being, as on the route of the 35th par- 
allel, in portions of the valleys of the Pecos, Rio Grande, Gila, 
and Colorado of the West. The table-lands and mountain slopes 
are usually well covered with grama-grass, and in New Mexico 
have supported immense herds of cattle. There are exceptions 
to this, however, on the greater portion of the Llano Estacado, 
on 5 ewes of the plains between the Rio Grande and the Gila; 
and (comprised in that space) from Tuczon to the Gila, 80 miles, 
there is no grass on the route travelled, nor is it to be found on 
the Lower Gila valley; occasional patches of bunch-grass only 
being found on the plain, and a species of grama-grass some- 
times upon the mountain sides. No grass is found on the Colo- 
rado desert, 135 miles along the line of location. 

The length of the route through this generally uncultivable 
soil is 1,210 miles. Upon descending from the summit of the 
San Gorgonio Pass, on the route to San Pedro, the soil is fertile, 
and either well watered or can be irrigated. 

The principal characteristic of this route is the great extent of 
high, arid, smooth, and nearly horizontal table-lands which it 
traverses, reaching an elevation of 4,000 feet upon the dividing 
ridge between the Brazos and Colorado rivers of Texas, near 
which elevation it continues until it descends from the pass of 
the Sierra de Santa Catarina to the Gila river, a space of nearly 
600 miles. The elevation at the summit of the Llano Estacado 
is 4,700 feet, and in the passes of the Guadalupe and Hueco 
mountains, east of the Rio Grande, 5,700 and 4,800 feet, respec- 
tively. Between the Rio Grande and the Gila, the greatest ele- 
vation, which is twice attained, is 5,200 feet; the mean elevation, 
before the descent to the Gila is commenced, being 4,100 feet. 
From the eastern edge of the Llano Estacado to the pass of San 
Gorgonio, 1,052 miles, the route crosses three rivers, the Pecos, 
the Rio Grande, and the Great Colorado of the West. The pe- 
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culiar features of the arid region over which the route lies from 
the eastern ledge of the Llano Estacado to the summit of the 
San Gorgonio Pass, prove, when closely examined, to be most 
favorable to the construction of a railroad, since they obviate to 
a great degree the necessity of the most a item of railroad 
construction, the preparation of the road-bed for the superstruc- 
ture; this preparation, with few and limited exceptions, through- 
out a distance of about 1,000 miles, having been already made 
by nature. This item amounts to from one-half to three-fourths 
of the whole cost of a railroad. Draining and ballasting are 
also dispensed with at the same time. Over the remaining por- 
tions of the route, the ground is generally favorable to the con- 
struction of the road-bed. The mountain passes are, of their 
kind, highly favorable, those west of the Rio Grande requiring 
no difficult engineering for location through them, and but little 
rock excavation or expensive embankment and side-cutting. 
The Guadalupe and Hueco Passes are more difficult. * * * 

The length of this route from Fulton to San Pedro is 1,618 miles. 

The sum of the ascents and descents, 32,784 feet. 

To overcome which is equivalent, in the cost of work- 

ing the road, to traversing a horizontal distance of 
621 miles; the equated length of the road is 2,239 miles. 
The estimated cost is $68,970,000 


COMPARISON OF THE ROUTES. 


[This comparison is from the Report of Capt. Humphreys, 
which occupies pages 38 to 108 of the volume.] 

The following table will enable a comparison to be made of 
the sum of ascents and descents, and the equivalent horizontal 
distances of the railroads connecting the Atlantic with the Missis- 
sippi, with those of the routes examined from the Pacific to the 

ississippi. It will be observed, that in a enero to the lengths 


of the routes, the sums of the ascents and descents are less on the 


Pacific than on the Atlantic routes: 
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The sum of the ascents and descents given for the various 
routes does not take into consideration those minor undulations 
which sometimes largely increase the aggregate. I think it prob- 
able that when detailed surveys are made, it will be found that 
this sum for the route near the 47th parallel will be more in- 
creased than those for the other routes, and that the sum for the 
route near the 32d parallel will be less increased than the others. 

The equated lengths corresponding to these sums may give 
erroneous impressions. If the loads to be habitually carried over 
the roads are within the power of the engines over the greatest 

des proposed, then the sums of ascents and descents really 
iow little meaning or value. The wear and tear of rail and 
machinery and consumption of fuel would be somewhat greater 
on the road having the largest sum, but the difference would not 
be worth taking into account, unless there was an equality in all 
other respects between the routes. 

If there are some grades so steep as to require the division of 
the loads habitually carried over other portions, the cost of the 
extra locomotives and of working them over those portions will 
show the extent of the disadvantage and yearly cost. 

So far as any estimate has been made in this report of the 
amount of work to be done on the roads, these sums of ascents 
and descents have little practical value, since those portions of the 
routes have been indicated where it may be considered advisable 
to use steep natural slopes with extra engines, to expedite the 
completion of the road and save expensive road-bed preparation. 
With a full equipment and heavy freight business, the sum of 
ascents and descents becomes important. 

The advantages and disadvantages of the several routes may 
be briefly recapitulated, as follows: 

1. Route near the forty-seventh and forty-ninth parallels—The 
advantages of this route are—its low profile, which is important 
in relation to climate; its easy grades, and small amount of as- 
cents and descents, both important if the road should be devel- 
oped to its full working power; the great extension west of the 
prairie lands; in the supplies of timber over the western half of 
the route; the facilities which the Columbia river and its tribu- 
taries, and the Missouri, will afford to the construction of the 
road; in the short distance from the Mississippi to a seaport of 
the Pacific, (1,864 ntiles to Vancouver ;) in the western terminus 
of the road on Puget Sound being nearer to the ports of Asia 
than the termini of the other routes; in the proximity of the 
eastern terminus to Lake Superior, from which a continuous navi- 
gation for sea-going vessels extends to the Atlantic ocean; and in 
the existence of coal on Puget Sound. 

_ Its disadvantages are—the difficult and costly construction, 
including a long tunnel, through a mountain region of 550 miles, 
(comprising 90 miles on the Columbia river ;) the delay in con- 
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struction, and the liabilities of the road to great injury and 
destruction through a large part of this region from the high 
freshets on the Bitter Root, Flathead, Clark’s fork, and Columbia 
rivers; in the severe and long winters on the prairies east of the 
Rocky mountains, and on the greater portion of the route sus- 
pending labor in the open air for so large a part of the year, 
and impeding the working of the road when built; in the dis- 
tance of its western terminus from that port, (San Francisco,) 
which will give the only large travel, and business which may be 
counted upon with certainty; and finally, its close proximity 
throughout to the frontier of a powerful foreign sovereignty. 

2. Route near the forty-first and forty-second parallels.—lts ad- 
vantages are—comparatively cheap construction, due to the favor- 
able features of the Rocky mountain system in this latitude, and 
those of the Great Basin, both of which result in a low sum of 
ascents and descents, which would be a favorable element, should 
the full working power of the road be developed; in the moun- 
tains being passed without tunnels; the probability of its possess- 
ing extensive coal-fields in the middle of the route; and in the 
aid which its construction would receive from the population of 
Utah. 

Its disadvantages are—the very difficult and costly construction 
along the Sacramento river for 136 miles; the construction 
through the cafion of the Timpanogos; the costly construction 
through the Black Hills to the South Pass, for nearly 300 miles, 
(the route by the Cheyenne Pass apparently giving an equally 
costly road;) in the great elevation of the summits in the 
Rocky mcuntain system; and in the great elevation of its plain, 
and the long and severe winters on it, and the prairies east of the 
Rocky mountains, suspending labor for several months of the 
year, and impeding the working of the road when completed, by 
their severity, and the snows on the prairies, and in the mountain 
ravines and gorges. ; 

3. Route near the thirty-eighth and thirty-ninth parallels—No 
peculiar advantage was developed in the exploration of this 
route, except the probability of the existence of extensive coal- 
fields in the valley of the Grand and Green rivers. 

The extraordinary difficulties to be overcome from the Coo- 
che-to-pa Pass to the Great Basin (500 miles) render the route 
impracticable. The elevations of the passes‘in the Rocky moun- 
tains are the greatest found, being 9,200 and 10,000 feet, the 
latter, the Coo-che-to-pa Pass, requiring a tunnel at an elevation 
of 9,500 feet. 

4. Route near the thirty-fifth parallel—The advantages in this 
route consist in water and fuel being generally less scanty than 
on the others, excepting that of the 47th and 49th parallels; in 
a better supp of timber west of the Rio Grande; in the greater 
mildness o the winter than on the routes north of it; in the 
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temperate character of the summer over nearly the whole route ; 
in no tunnels being required on the Rocky Mountain passes, and 
none on the route to San Francisco by the Tah-ee-chay-pah 
Pass; in the probability of the existence of coal-fields in the 
middle of the route; and in the assistance that the population of 
New Mexico and the Mexican provinces of Chihuahua and Sonora 
may give in constructing and supporting the road. 

The disadvantages are—its greater length from the Mississippi 
to the Pacific than the route south of it; the apparently rough 
and broken character of the country through which much of it 
lies; its greater cost, and the greater number of ascents and 
descents, the sum of which is the greatest of the four routes, and 
which would become seriously objectionable should the full 
working power of the road be developed. 

[The subsequent Report of Captain Humphreys, as already 
stated, reduces somewhat the objectionable features. } 

5. Route near the thirty-second parallel—tIts advantages are— 
the short distance from the eastern terminus to a Pacific port 
(1,618 miles;) the small cost of the road, it being to a Pacific 
port less than two thirds of the cost of the — of the other 
routes, [excepting the route along the thirty-fifth parallel] and 
to San Francisco $20,000,000 less than the least of the others, 
(the cheapness of construction being due to the location of the 
route upon more than 1,000 miles of table-lands and plains;) 
in the open and otherwise favorable features of the mountain 
passes ; the lowness of their summits; in their natural slopes 
admitting of use without extensive and costly preparation; in 
the mild winters and temperate summers of all the route ‘except 
that portion of the Gila and Colorado desert where, for 350 miles, 
labor in the open air must be suspended for three months of the 
year; in there being no reason to apprehend difficulties, impedi- 
ments, delays, and danger from snow and ice; in the coal-tields 
of the Brazos; and in the aid that the population of New Mexico 
and the provinces of Chihuahua and Sonora may give in con- 
structing and supporting the road. 

Its disadvantages are—the cost of construction of a portion 
between the Pecos and Rio Grande; the circuitous route to San 
Francisco from the plains of Los Angeles, which, unless farther 
explorations determine a more direct route, requires a second 
crossing of the coast range, and a passage through the Sierra 
Nevada; in the sum of ascents and descents being the next 
largest after that of the 85th parallel, the extent of which ob- 
jection depends upon the amount of business to be done on the 
road; and, finally, in the scanty supply of water and fuel on the 
Toute. 

[The Reports also treat particularly of the north-and-south 
routes west of the Sierra Nevada and Cascade Range, which por- 
tion is not here cited.] 
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Art. X.—Five New Mineral Species; by Professor 
Cuartes U. Sueparp. 


1. Xanthitane. 


In hollpw crystals with the form of sphene, and pulverulent. 
Color pale yellowish white, resembling some varieties of sulphur 
or of decomposing wulfenite. Lustre generally feeble, but in some 
instances bright and resinous. Brittle. Hardness =3-6. G. =2-7 
to 3-0. Cleavage indistinct. Heated in a glass tube emits mois- 
ture ; and before the blowpipe, has all the reactions of titanic acid. 
It contains 12-5 p.c. of water, and consists of titanic acid with 
traces of zirconia. It is found in a decomposing feldspar, asso- 
ciated with zircons, at Green River, Henderson Co., N.C. ; and 


probably proceeds from the decomposition of sphene. 
2. Pyromelane. 


Found in crystalline grains of the size of kernels of Indian 
corn (and rather larger), in the gold washings of McDonald 
County, N.C. The grains are irregular and much pitted, some- 
what like those of chondrodite. Hardness =6:5. G. =3-87. Color 
dull red brown to nearly black, rarely with patches of yellow. 
Translucent. Lustre resinous, to resino-vitreous. 

Before the blowpipe infusible, but turns blaek and becomes 
opaque ; and hence the name, in distinction from pyrochlore, 
which by heating, becomes green, or greenish yellow. It is solu- 
ble in the fluxes, with the reaction of titanic acid and iron. It is 
undecomposable with sulphuric acid, except in a slight degree; 
but yields to fusion with bisulphate of potash. It is essentially 
a titanate of alumina and iron, with only traces of glucina? and 
lime. It may also contain zirconia. It would seem tq be exceed- 


ingly scarce. 


Pyro-guanite minerals. 


The three following species occur at Mong’s Island, one of a 
group of five small islands, situated in the Caribbean sea, 30 miles 
distant from the Musquito coast, in lat. 12° N, long. 71° W. 
They were brought, as a sample of the so called petrified guano, 
to Charleston, S. C., in the bark Jane Dolen, Capt. A. F’. Winslow, 
in a recent voyage to Porto Cabello. Captain W. informs me, 
that the isiand where it occurs, has an area of about two hundred 
acres; and that the formations are coralline, tertiary rocks and 
trap, which rise into hills, four hundred feet above the level of 
the sea. The petrified guano inerusts nearly the whole island, 
to the depth of many inches. In general character, it is hard 
and stoney ; of a cream color when exposed to the weather, and 
yellowish brown, within. It is totally destitute of ammonia, 
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having been subjected to the agency of heated trap rock, whereby 
the greater portion of it has been thoroughly fused. ‘The altered 
guano is composed almost exclusively of two mineral species, 
which I have called pyroclasite and glaubapatite, eaeh of which 
is essentially a hydrated phosphate of lime. 


3. Pyroclasite. 


Massive ; in large tuberose and reniform masses, much resem- 
bling the menilite opal, from Menil Montant near Paris, except, that 
they are flatter, more irregular, and rarely oval on both sides. In 
this respect, they more resemble the large druses of calcedony 
from Faroe, or the electric calamine from Cumberland. Structure 
indistinctly concentric ; and when broken across (through masses 
an inch thick) it presents a banded surface like agates or ribbon- 
jasper. Color, cream color: but on the botryoidal surfaces which 
have been exposed to the weather, milk-white, and presenting 
when viewed with a single lens, a very remarkable corroded 
appearance, much resembling the vermiculated surface of marble, 
as employed in architecture. Lustre dull, feebly resinous on a 
fresh fracture. Opaque. Brittle. Fracture even, to sub-con- 
choidal. H. =40. G. =2:36... 2-4. 

Heated in a glass tube, it flies to pieces with a brisk decrepita- 
tion, much of the mineral being at the same time projected from 
the tube. At the same time, it turns of a dark color, emits mois- 
ture and a feeble animal odor, not more perceptible however than 
in many secondary limestones when heated. It is impossible to 
hold a piece of the unheated mineral before the flame of the 
blowpipe long enough to bring it to redness; but occasionally, a 
fragment large enough for this purpose, is left in the glass tube, 
which will bear ignition in the platina forceps without flying to 
pieces. It then instantly becomes white, phosphoresces strongly, 
tinging the flame yellow, slightly tipped with green. At length it 
fuses on the edges into a white glassy enamel: and the fragment 
being placed upon a piece of moistened turmeric paper, occasions 
a feebly alkaline reaction. ‘The heated mass on being moistened 
with sulphuric acid tinges the flame of the blowpipe momentarily, 
of a still deeper green. ‘The powdered mineral mixed into a 
paste with sulphuric acid, and heated in a glass tube, produced an 
etched ring just above the charge in the tube, indicating the 
presence of fluorine. Fused with borax, the mineral dissolves 
into a clear glass, unless there is an excess of the powder. 

The powdered mineral is almost wholly taken up, by hydro- 
chloric and by nitric acid, without sensible effervescence, forming 
a porter-colored solution, from which ammonia precipitates the 
or bulky white precipitate of hydrated triphosphate of 

ime. 
SEEOND SERIES, VOL. XXII, NO. 64.—JULY, 1856, 13 
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On being heated in powder in a porcelain crucible, over a spirit 
lamp, it turns gray for a moment, emits a faint smell of organic 
matter, but none of ammonia,* and loses 10 p. c. in weight. 

It consists of not far from 80 p. c. of phosphate of lime, and 10 
p.c. of water; while the remainder is made up of a little insoluble 
matter, carbonate of lime, sulphate of lime, sulphate of soda, and 
traces of chlorid of sodium and fluorine. 

The trap rock is often found intermingled with the mineral in 
fragments many inches in diameter. It has the characteristic 
fracture and color of this rock ; but when examined more nearly, 
it is found to contain but little feldspar, being almost wholly 
composed of a dark green pyroxenic mineral, nearly allied to 
bronzite or schiller spar. The phosphate is completely fused 
where in contact with the trap; and occasionally the mixture be- 
tween the two, is that of a brecciated mass. 

The name of the species has allusion to its property of flying 
to pieces, when heated. 


4. Glaubapatite. 


Crystals small, tabular, in druses, forming botryoidal and stalac- 
titic masses: columnar, fibres somewhat flattened and radiating 
from the centre of little oval masses and stalactites. Color, pale 
yellowish or greenish brown. ‘Translucent. H.=3°5. Gr.=2°6. 
Also massive, with a conchoidal fracture and of a dark chocolate 
brown eolor, to nearly black. Brittle. 

When heated in a glass tube, gives water, at the same time 
turning brown and evolving a slight organic odor. Before the 
blowpipe it does not decrepitate, but turns brown on the first im- 
pression of the heat, and quickly fuses with ebullition, coloring 
the flame yellow, with a very distinct tinge of green around the 
heated mass. It finally yields a semi-transparent glass. With 
borax, melts into a colorless glass. When powdered, the mineral 
dissolves without effervescence, in hydrochloric and in nitric acid, 
affording solutions of a porter-brown color, from which ammonia 
throws down the same precipitate as in pyroclasite. Analysis 
gave the following result: 


Phosphate of lime, - - - - 74:00 
Sulphate of soda - - 15°10 
Water, - - - - - - 10°30 

With traces of organic matter; sulphate of 
lime and chlorid of sodium. ae 
99.40 


It occurs abundantly in irregular corroded, drusy shaped masses, 
(but very rarely crystalline) often coated on one side with pyro- 
clasite; and sometimes, the two species are intimately blended 
together. It is named out of regard to its relationship to apatite 
and to glauber’s salt. 


* Even when heated with caustic potash or lime. 
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5. Epiglaubite. 
In small aggregates, or interlaced masses of minute semi-trans- 

parent crystals of a shining vitreous lustre, which are always 

implanted upon druses of glaubapatite. H. = about 2°5. 

Yields abundance of water when heated in a close tube. Inso- 
luble in water, until after addition of hydrochlyric acid, when it 
disappears without effervescence. Melts easily into a semi-trans- 

ent colorless glass tinging the flame green. It is a largely 
hydrated phosphate, chiefly of lime. It may also contain mag- 
nesia and soda; but at present the quantity in my possession is 
too small to determine more accurately its composition. It would 
appear to be rare at the locality. 

It is named from its position, upon the previously described 


species. 


Art. XI.—Correspondence of M. Jerome Nickles, dated Paris, 
April 26th, 1856. 


Report on the history of the manufacture of Artificial Soda.—The 
question of priority as to the process of manufacturing artificial soda has 
just been the subject of thorough investigation by the Academy of Sci- 
ences. This work was called forth by the Minister of Public Instruction 
at the request of the children of Leblanc, author of the process which 
bears his name. Another claim, that of the children of Dizé, collaborator 
of Leblanc, being presented at the same time, the Section of Chemistry in 
the Academy of Sciences was obliged to proceed to a historical and bib- 
liographical research which has resulted in a complete elucidation by M. 
Dumas of this important point in the history of Science. 

The discovery of the process which derives soda from marine salt was 
made by Leblanc, who was also the first to give it a trial. It was not 
till afterward that he associated himself with Dizé, then chemical assist- 
ant at the College of France. 

Nicholas Leblanc was born in 1743. Toward 1780 he was attached 
as surgeon to the household of the Duke of Orleans. He commenced in 
1785 his communications upon crystallization which gave him a distin- 
guished rank among the chemists of the time. His first researches — 
methods of obtaining soda economically, date from 1784. This problem 
had already been broached, and different processes had been proposed 
for making soda from marine salt either by means of lime, or by means 
of the oxyd of lead, but without industrial results. 

In 1777, Father Malherbe, a Benedictine, pointed out a process of 
converting marine salt first into sulphate of soda which he afterwards 
decomposed by means of charcoal and iron; a process which has quite 
lately been put in practice by Mr. E. Kopp, as has been already men- 
tioned in this Journal.* 

In 1789, De la Métherie proposed to convert marine salt into sulphate 
of soda, and to reduce this sulphate by carbon. This reduction would 


* Corr. of J, Nicklés, Noy. 1, 1855. 
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only have given sulphuret of sodium. Leblanc was aware of this, and 
according to Dizé, trials were made by himself and Leblanc to decompose 
this sulphuret by means of carbonic acid. This process, taken up by 
Pelletan in 1827, became the basis for establishing a manufactory in 
Paris; but the enterprise was not successful, and up to this time the 
method is not employed. 

* These processes were brought forward in consequence of competition 
for a prize offered by the old Academy of Sciences to the best work on 
the fabrication of soda from marine salt. The object was to protect 
the arts of bleaching, glass-making and soap-making against the evil 
effects of a rise in the price of pearlashes produced by the Revolutionary 
War in the United States, and also a rise in the native sodas of Spain, 
and the scarcity of beds of native natron. The prize was not awarded. 
The production of artificial soda, like so many other inventions, was to 
be accomplished only after obstinate trials, the theory of which was not to 
precede the results. It was not foreseen that in calcining the sulphate of 
soda with chalk and charcoal, an insoluble oxysulphuret would be ob- 
tained containing all the sulphur, and capable of yielding to water all the 
carbonate of soda contained in the product. 

This is the discovery of Leblanc. It belongs entirely to him as M. 
Dumas has established by means of written documents of incontestable 
authenticity, from which it appears that on the 12th February, 1790, 
there was formed before a notary a company for carrying out the inven- 
tion, a company composed of M. Leblanc, Dizé, and as loaner of the 
funds, the Duke of Orleans. 

To the fabrication of artificial soda, the making of sal ammoniac, and 
of white lead were added, processes of which Dizé was the author. 

The Company was established at St. Denis near Paris, in a factory 
called Franciade, and the manufacture commenced but without much 
success. The events of the Revolution soon caused the sequestration of 
the property of the Duke of Orleans and consequently that of the soda 
factory in which he was the capitalist. 

At the same time, upon the proposition of a member of the nationai 
convention, Citizen Carny, possessor of a process for the extraction of 
soda, an appeal was made to all Frenchmen to make within three months 
a surrender of their private interests and to deposit upon the altar of 
their country the processes which would allow the manufacture of soda 
from a product drawn from French soil and which would thus relieve 
the country from the tax paid abroad. 

Twelve processes were sent to the Committee of Public Safety, that of 
Leblanc among them. It was recognized as the best, and the Convention 
ordered the publication of his brevet dinvention taken in 1791, but ac- 
knowledging his rights to a fair indemnity which the misfortunes of the 
time did not allow to be paid. The hour of reparation has at last arrived. 
The section of Chemistry in the Academy has decided as follows : 

“1. The important discovery of the process by which soda is extracted 
from marine salt belongs wholly to Leblanc. 

“2. Dizé made researches in common with Leblanc only for the pur- 

of determining the best proportions of the materials to be employed 
in the manufacture of soda, and for establishing the factory at St. Denis. 
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“3, If then it is proposed to render just homage to the author of the 
discovery, it is due to the memory of Leblanc, and to his family should 
the testimonial be addressed.” 

Leblanc was the type of the inventor; full of self denial, perseverance, 
confidence. His correspondence shows that he left no step untried, that 
might secure the success of his work. His savings, the fruit of labors 
undertaken from day to day, were all consecrated to this grand object; 
and when reduced to extremities, he exhausted every resource. 

At several times the Government sent him money, to encourage his 
researches, and on the 19 Fructidor an IL. (1793) he obtained 4000 livres 
from the Committee of Public Safety to meet the advances he had made 
in reference to the project of which he was the inventor. Leblanc was a 
man both of imagination and knowledge. The most distinguished men of 
his times professed for him a warm sympathy. He took part in all those 
liberal associations where friends of science resorted. The government 
charged him with various scientific missions, He published various re- 
searches upon nickel, alum, sulphate of magnesia, the production and 
extraction of saltpetre, the chemical preparation of manures, d&c., but he 
never realized the dream of his life. In despair, he destroyed himself on 
the 15th of January, 1806. He left two sons, one of whom, a professor 
in the Conservatoire of Arts and Trades, has acquired a high reputation 
in the industrial world by his publications and the progress which he has 
made in the invention of machines. 

Manufacture of Chinese Porcelain.—In presenting to the Academy of 
Sciences the important work of M. Stanislas Julien on Chinese porcelain, 
awork mentioned in my last communication, M. Chevreul gave a brief 
review of its contents. 

The art of making porcelain has been carried back to an exaggerated 
antiquity. It is now demonstrated that the earliest porcelains were made 
in China at an epoch between 185 B. C. and 87 A.D. The porcelain 
vases found in the tombs of Egypt are not of the antiquity attributed to 
them. M. Julien has contributed not a little to correct this error. 

The Chinese author passes in review, according to the order of time 
and place of fabrication, the different porcelains most renowned in China. 
A chart of that empire indicates the location of the ancient and modern 
manufactures, adding much to the interest of the text. The idea of this 
is due to the learned translator. The processes of manufacture are de- 
scribed with clearness and method, and fourteen plates are reproduced 
from the original work. Finally the very precise notes of M. Salvétat, 
dissipate the doubt in which the text might leave the reader. 

The interest of the book is not limited to an exhibition of the manu- 
facture of Chinese porcelain, for M. Julien, in annexing to his translation 
from the Chinese a translation of the Art of making Japanese Porcelain, 
has done all which depended on him to render his book useful to those 
who consult the book from an interest in the history of the art or in the 
ceramic industry. 

M. Julien has also given the means of comparing the processes of 
China and Japan with those of Europe; a task entrusted to M. Salvétat. 
The analogies and differences of manufacture could not be shown with 
more clearness than is here done by the skillful chemist of Sévres. The 
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Chinese paste, like the European, is composed of a variable mixture of 
kaolin, that is of a material infusible in the heat of the porcelain furnace, 
and of material which is fusible; the glazing is of fusible material. This 
is the analogy. The difference is that the fusible material mixed with 
the composition in China is flint, but at Sévres it is composed of sandy 
matter coming from the washing of kaolin and chalk. The glazing of 
Chinese porcelain is flint mixed with lime and frequently with frit. The 
glazing at Sévres is of pure flint. The porcelain of China is less resist- 
ant to fire than that of Sévres. The Chinese do not, like the Japanese 
and Europeans, apply the glazing to the biscuit. There are other differ- 
ences in the application of the coloring matters and in the composition of 
some of the varieties. The typography of this work does honor it every 
respect to M. Mallet-Bachelier. 

Peculiar arrangement of a Voltaic Battery.—This battery is designed 
for medicinal uses. It has been contrived by a constructor at Paris, M. 
Breton, and is maintained in a state of constant moisture with chlorid of 
calcium. For one of the poles there is a mixture of copper filings with 
saw-dust, the latter designed to separate the metallic particles,—the 
filings are mixed with a solution of chlorid of calcium. The other pole is 
a similar mixture in which the copper is replaced by zinc filings. These 
two preparations placed in a vase and separated by a porous cell, make a 
battery which has always the same intensity of action on account of its 
constant humidity and the indefinite number of its elements. 

The natural state of Hippuric Acid—So great differences exist in re 
gard to the proportions of hippuric acid contained in the normal state in 
the urine of the horse, that a chemist, M. Roussin, has undertaken to find 
out whether these differences are those of calculation or are really well 
founded. After numerous determinations, he has recognized the fact that 
the proportions of hippuric acid vary like the urea according as the horse 
is at work or rest. The following table contains the results of the trials. 
The urea has been determined in the condition of dry nitrate. 

Hippuric acid Nitrate of urea 
in | litre. in | litre. 


. Omnibus horses, 


“ 


“ “ 


horses at work, .. s. 50 

horse fatigued by a long course, 13°0 

. horse after a very long course, 14-0 
Hence it is clear that horses fatigued produce much hippuric acid and 
comparatively little urea. Horses well fed and quiet produce little or no 
hippuric acid. Urea on the contrary is found in their urine in very large 
proportions. Its limpidity may be the index. If the liquid is clear and 
deposits little carbonate of lime it has much urea and little hippuric acid; 
if it is muddy, it is certain that there is much hippuric acid. Respiratory 
activity and the employment of muscular force accordingly seem to trans- 
form urea into hippuric acid. Rest, on the contrary, leaves the urea in- 

tact, and does not appear to favor its transformation into hippuric acid. 
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Astronomical news.—For some years, a Piedmontese engineer, M. Porro, 
established at Paris, Boulevard d’Enfer, quite near the Observatory, has 
been known among physicists and astronomers for his inventive genius 
and his executive talent. By the instruments which he has made, M. 
Porro, has caused great progress in two of the most beautiful applied 
sciences, astronomy and geodesy ; and if his pecuniary resources equalled 
his fertility of invention he would certainly attain great results. With 
small resources, he has made these instruments unique in their character 
which excite at the present moment great sensation. The first is a gigantic 
telescope, very simple and not costly, which shows the smallest stars with 
satisfactory roundness. It has distinctly divided, in a trial by the Frisiani 
method, two artificial stars of two-tenths of a second diameter separated 
by an interval of less than one second. 

There has as yet been no opportunity to make sufficient observations 
vith this instrument, but there is great reason to hope that it will bear mag- 
uifying powers from 1500 to 1800 times, which is more than the immense 
telescopes of Herschel and Lord Rosse have ever successfully permitted. 

The mounting of so large a telescope would have presented very seri- 
ous difficulties if the usual system had been followed, and it would have 
ben impossible according to received notions to have made a measuring 
instrument of it, if M. Porro had not conquered all the difficulties by 
waking the whole telescope, balanced by two counterpoises, revolve around 
the immovable eye-piece. This construction at once simple and bold, 
allows the observer to be comfortably placed in a chair, likewise immov- 
able, whence he can observe all portions of the heavens. 

The natural movements of the instrument as well as the means of 
measurement are alt-azimuthal, but by a very little simple artifice the op- 
tical axis of the telescope may at pleasure follow the diurnal movement 
like an equatorial and give with sufficient precision upon two supplemen- 
tary cobrdinates, the stellar coérdinates. The astronomer has no occa- 
sion to leave his chair to read all the circles, the levels, &c. The instru- 
ment may also at any moment be brought strictly into the plane of the 
meridian and serve with great precision as a meridian telescope. Not- 
withstanding the heavy weight and great length of the tube of this in- 
strument, the azimuthal measurements naturally independent of refrac- 
tion are here absolute, that is to say, are independent of eccentricity, 
flexion, &c., thanks to the new and precise arrangements of the maker 
by means of which the line of vision of the telescope is placed optically 
in immediate relation with the fixed lines, the meridian and the vertical. 
The same is true nearly with the apozenith measurements as regards re- 
fraction. Astronomers know and moreover Sawich has demonstrated that 
azimuthal measurements alone, independent of refraction, may enter ad- 
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_ Ina word it is not merely in the extent of its optical power that this . 
instrument is superior to all previously made, but also in the new means 
of measurement, the precision of which surpasses that of all known instru- 
ments. The price of the instrument moreover is moderate, within the F 
reach of governments and rich amateurs. It is 160,000 francs. 
The flint glass of this instrument is of the make of Guinand; the es 
crown glass was furnished by Maés of Clichy. Hitherto the cutting of a 
these glasses has not been done mechanically and yet the degree of pre- ay. 
cision attained by hand work is not satisfactory. To remedy this M. ea 
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Porro has invented a very simple machine by means of which a spher- 
ical surface of given radius may be cut, “sans bassins,” and then this 
radius may be varied by insensible degrees with great perfection. This 
method, in connection with another piece of apparatus of his invention, 
the polyoptometer—for the examinations which should precede the cut- 
ting, and a new application of Frisiani’s method in what pertains to the 
verification of the work at every step of advancement,—allows of arriving, 
without consulting the heavens, so near to perfection, that little remains 
to be done for attaining all desired distinctness. 

Equatorial Telescope—This instrument, also made by M. Porro, is 
equal in dimensions and power to that which has long been called the 
Colossus of Dorpat, but it isplays great simplicity and has several pecu- 
liarities. The rotations of this instrument are spherical, and the trans- 
mission of the diurnal movement is made by the adhesion of two spher- 
ical surfaces. There is no window counterpoise; but lubricating oil 
introduced together with pressure is advantageously substituted. The 
clock movement is produced by a hydraulic motor of peculiar construc- 
tion, the arrangements of which are simple and convenient. These com- 
binations are all such as to avoid the detects of wear. 

Zenith Telescope ——There is also, just now, at M. Porro’s, a zenith tel- 
escope, bought by an amateur astronomer. It is eighteen decimetes 
long and has an aperture of one decimeter. This instrument gives at 
any time without inversion and without level, the exact place of the z- 
nith. The latitude and time may hence be determined by means of it 
with the greatest precision and in the briefest time. M. Porro calls this 
telescope the direct zenith tube in distinction from the reflex zenith tube of 
Mr. Airy, which gives the zenith by reflexion upon a mercury bath. 

Stereoscopic experiment.—M. Lugeol, “Contre-Amiral,” in making the 
stereoscopic portrait of one of his friends, had the idea of taking the two 
images or proofs one after another, and making his friend each time look 
upon a different object. Thus during the first sitting he looked at the 
object glass of the camera obscura, and during the second to the right 
at an object fixed nearly at an angle of 45°. These two images bei 
placed in the stereoscope, let the ‘observer stand opposite a window 
without ceasing to look at the portrait, turn himself to the left or right, 
he will see the eyes of the portrait follow him as if they were animated. 

Use of brine in food.—In consequence of accidents caused by the use of 
the brine of herring or salt meat, the council of health in Paris has been 
charged with examining to what extent brine may be allowed in food. 
Numerous experiments have been tried at Alfort, which have led to the 
following conclusions. 

“The use of brine as a condiment or seasoning in the nourishment of 
man has hitherto had no injurious effect, and nothing authorizes the opin- 
ion that an economical process so advantageous for the poor should be 
proscribed. The same is not true of the abuse which is made of this sub- 
stance in the nourishment and in the treatment of the diseases of certain 
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animals, especially swine and horses. Authentic facts and recent experi- 
ments show that the mixture of brine in considerable quantity with food 
; may produce real ewe F In all cases, brine preserved too long or in 
contact with rancid meat #ould not be a except with the great- 
i: est care and after it has been purified by skimming all the scum which 
= forms on the surface.” 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHYSICS. 


1. On the production of very high temperatures—SaintE CLARE 
Deviite has published an extended description of the methods em- 
ployed in his laboratory te produce high temperatures, and his paper 
possesses great value and interest. For operations on a small scale, De- 
ville employs a lamp of peculiar construction in which the vapor of oil 
of turpentine or any other liquid hydro-carbon is completely burned by 
means of a powerful artificial blast of air. The lamp in question would 
be scarcely intelligible without a figure, and we must refer for fuller de- 
tails of its construction to the original memoir. By its means a heat 
sufficient to melt feldspar can be easily produced, provided that the table 
bellows employed is of sufficient size and power. [We have found it in 
practice less safe and convenient than the gas blast lamps with sixteen 
jets, introduced by Sonnenschein, but it gives a higher temperature. 
w.c.] The other apparatus described by the author is a blast furnace 
in which platinum and many other substances can be fused. It consists 
of a cylinder of fire-clay 18 centimeters in diameter and somewhat 
higher than its width. This may be surmounted by a dome to prevent 
the escape of the coals from the force of the blast. This cylinder rests 
upon the edge of a hemispherical cavity connecting with a good forge 
bellows. A circular piece of cast iron pierced with openings about 10 
millimeters in diameter and disposed round the edge of the plate forms 
the bottom of the cylinder and separates it from the cavity below. The 
author employs as fuel, cinders from the hearth of a furnace heated with 
the dry coal of Charleroy. These cinders are found mixed with pieces 
of coal and are sifted upon a sieve with square holes of 2 millimeters in 
the side. What passes through the sieve is rejected.; The coals em- 
ployed must vary from the size of a small pea to that of a nut. The 
crucible is placed in the centre of the cylinder and surrounded with 
kindled wood, upon which pieces of coal of the size of a nut are laid 
and upon these the proper fuel of the furnace. The blast is then forced 
in slowly and gradually increased. The force of the maximum tempera- 
ture begins about 2 or 3 centimeters above the iron plate and is only 7 
or 8 centimeters high. The coals above remain cold from the trans- 
formation of the carbonic acid into carbonic oxyd, which gas in the 
author’s furnace burns with a flame 2 meters in height. The heat pro- 
duced by this arrangement is called by the author the “ blue heat,” from 
its peculiar tint. In it the best ordinary crucibles run down like glass. 
The author uses three kinds of crucible. The first is of quicklime and 
is made of well burned lime slightly hydraulic, which is cut with a knife 
or saw into prisms with a square base 8 or 10 centimeters in the side 
and 12 or 15 centimeters high. The edges are rounded and a hole is 
made in one end of convenient size. Sometimes an inner crucible is 
used, each having its own cover. When the substance to be heated is 
very refractory, only one crucible is used and the walls of this are made 
3 or 4 centimeters thick. The base of the crucible must be 5 or 6 cen- 
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timeters below the bottom of the cavity. The space between the eruci- 
ble and the walls of the cylinder must be 5 or 6 centimeters. In using 
a lime crucible, charcoal is first to be introduced, little by little, till the 
crucible is covered, the heat is then very gradually increased till the 
crucible becomes red, when the coals are removed to make sure that the 
crucible is not cracked, after which the heat may be urged to the utmost. 

The second kind of crucible is of carbon. ‘The author uses gas-retort 
carbon and fashions it on a lathe. To free the material from impurities 
it may then be strongly heated in a current of chlorine, by which pro- 
cess it loses weight. These crucibles are placed within crucibles of lime, 

the intervening space being filled with calcined alumina. The third 

species of crucible is nade of alumina, obtained by calcining ammonia- 
alum. Thus prepared it is plastic, but shrinks much on drying. To 
prevent this, the author mixes the mass with a calcined mixture of alu- 
mina and marble. A mixture of plastic alumina, calcined alumina and 
aluminate of lime, in equal parts, gives a very hard and infusible mass, 
which softens a little at the melting point of platinum. Once baked, 
these crucibles resist all tests; even sodium has no action on them. The 
lime crucibles may be used whenever the alkali is not injurious ; the 
carbon crucibles have a more limited use in consequence of their redue- 
ing agency. The alumina crucibles may be used almost always when 

lime will not answer. With respect to the heat produced by this fur- 
nace the author gives the following details. Platinum fuses in a crucible 
of lime into a single well-united button. This platinum possesses prop- 
erties very different from those of ordinary platinum condensed from the 
sponge. When copper is plated with the fused platinum rolled out into 
a very thin sheet, nitric acid has no action whatever, as it does not pene- 
trate the leaf of metal. A plate made from fused platinum does not 
cause the union of oxygen and hydrogen even after several hours. Fused 
platinum possesses a perfect softness and malleability. In a crucible of 
carbon, platinum melts easily but yields a brittle alloy of platinum, carbon 
and silicon. By raising the heat above the temperature required for 
fusion, Deville succeeded in volatilizing the metal with remarkable ease, 
so that it condensed in small globules. Pure peroxyd of manganese 
heated with carbon from sugar in quantity less than sufficient to reduce 
the oxyd, gave fused metallic manganese as a brittle mass, having a rose 
reflection like bismuth and as easily reduced to powder. Its powder 
decomposed water at a little above the ordinary temperature. Chromium 
as prepared in a similar manner was well fused, but not into a button, at 
the temperature at which platinum volatilizes. The metal is brittle and 
cuts glass like a diamond. It is easily attacked by chlorhydric acid, but 
little by sulphuric acid, and aot at ali by nitric ‘acid either strong or 
weak. Metallic nickel fuses to a homogeneous button which may be 
forged with great facility. It has a ductility almost without limit and is 
more tenacious than iron in the ratio of 90 to 60, according to Werth- 
eim’s experiments. This nickel contained traces of silicon and copper. 
Fused cobalt is as ductile as nickel and still more tenacious. According 
to Wertheim its tenacity is to that of iron as 115 to 60, or nearly double. 
The most refractory body which the author fused was silica, which, 
however, in quantities of 30 grammes was not perfectly liquified. The 
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author considers the fusion of this body as the limit beyond which pro- 
cesses do not go.— Ann, der Chimie et de Physique, xlvi, 182, February, 
1856. 

2. On a new mode of forming ether and its homologues.—W untz finds 
that oxyd of silver and iodid of ethyl heated together yield iodid of sil- 
ver and oxyd of ethyl. A mixture of one equivalent of iodid of ethyl 


with one of iodid of methyl, heated with oxyd of silver, ro. the double 


oxyd of ethyl and methyl CaHsO+C2H30 or CoH, 02: lodid of 


amy] also acts on oxyd of silver, but in this case amylene and fusel oil 
are formed, since 2(C10 H12 O2) == Cio Hi2O2+4-CioHi0, The true amylic 
ether, CioHu0 or pee Oa, is formed at the same time and in part 
escapes the decomposition. The author considers these experiments as 
furnishing strong evidence that the true formulas of all anhydrous pro- 
toxyds are comprised under the general formula R2O2,— Ann. de Chimie 
et de Physique, xlvi, 222. 

3. On the equivalent of Antimony.—Scuneiwer has made a new deter- 
mination of the equivalent of this element, and finds the number ob- 
tained by Berzelius much too high. The author employed in his investi- 
gation a native sulphid of antimony which contained no other impurity 
than a little quartz, the quantity of which could easily be determined. 
The antimony and sulphur in this compound were determined by slow 
ignition in a current of hydrogen, corrections being applied for a very 
small quantity of sulphur remaining in the reduced antimony and for a 
minute proportion of the sulphid carried over mechanically. In six 
experiments the quantity of antimony in 100 parts was found to be 
71427—71°519. From this it follows that the equivalent of the metal 
is 1503 (O==100) or 120°25 (H==1). Berzelius determined it to be 
1613.—Poegg. Ann. xvvii, 483. 

4. On the detection of phosphorus in cases of poisoning —Mi1scHERLICH 
has published a very simple and satisfactory method of detecting phos- 
phorus in forensic investigations. The matter to be tested for phospho- 
rus is to be distilled in a flask with water and sulphuric acid and the 
vapors conveyed through a glass tube into a vertical glass condenser. 
This condenser is simply a glass tube which passes through the bottom 
of a wide glass cylinder filled with cold water, which is constantly re- 
newed by a funnel. A vessel to receive the distillate is placed under 
the end of the condensing tube. (The arrangement resembles Liebig’s 
condenser placed vertically). If there be phosphorus in the substance 
in the flask, its vapor passes over with the stream into the condenser 
and a distinct light is seen in the dark where the vapors meet the cooled 
portion of the tube. This light lasts for a very long time, and a lumin- 
ous ring is usually observed. More than three ounces of fluid could be 
distilled from substances which contained only the ygo!sg5 Of phospho- 
rus without a cessation of the light. Even after fourteen days the effect 
was observable. An addition of oil of turpentine prevents the light, but 
alcohol and ether distill over and then the light appears. In the dis- 
tillate, globules of phosphorus may be detected and are easily recog- 
nized, These were observed even in a mass which contained but 4 of a 
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grain of phosphorus in 5 ounces of matter. When the mass contains 
much phosphorus the distillate contains phosphorous acid, which is easily 
oxydized and detected. The author found that phosphoric and phos- 
phorous acids do not pass over when distilled carefully with water. A 
fresh human stomach boiled with water gives no soluble phosphates; on 
the other hand a stomach in a state of decay yields to water phosphoric 
acid which can readily be detected by ammonia and magnesia.— Chem- 
isches Central Blatt. No. 8, 113, Feb, 20, 1856. 

5. Sulphate of Nickel—Manricxac finds that the quadratic sulphate 
of nickel contains but 6 equivalents of water instead of 7 as formerly 
asserted. The rhombic (trimetric) crystals contain 7 eqs. of water, and 
are isomorphous with the sulphates of zinc and magnesia; they crystal- 
lize from a pure solution at from 15° to 20° C, Thus quadratic crystals 
separate at a temperature of from 30° to 40°, the monoclinic crystals 
between 50° and 70°. The monoclinic crystals also contain 6 eqs. of 
water. When the rhombic crystals pass in the sunlight into the quad- 
ratic form, they lose 6°40 per cent. water. The monoclinic crystals re- 
main transparent above 40° C.; at ordinary temperatures they become 
gradually opaque without loss of water and pass into the quadratic form. 
It is therefore proved that there is no trimorphous sulphate of nickel, 
and that it is only the sulphate with 6 eqs. of water which is dimorph- 
ous. Solutions of sulphate of magnesia at 70°, sulphate of zinc from 50° 
to 55°, and sulphate of cobalt from 40° to 50°, gave crystals with 6 eqs. 
of water isomorphous with the monoclinic sulphate of nickel—Ann. der 
Chemie und Pharmacie, xcvii, 294. 

6. Specific volume of compounds containing Nitrogen——Korr has pub- 
lished a brief notice of his researches upon this point, and finds that the 
specific volume of nitrogen in the volatile bases 1s 2°3; that of cyanogen 
in the cyanids 28; and that of NOs in the nitro compounds 33. The 
empirical laws which Kopp has discovered for the compounds of carbon 
and hydrogen, or carbon, hydrogen and oxygen, hold good also for bodies 
containing nitrogen, so long as these bodies belong to the same group. 
If we recognize in the different types a real difference of internal consti- 
tution, the consideration of the specific volume affords a good means of 
determining to what type a body belongs. Thus from their spec. vols. 
it appears that the nitrites of the ethyl series belong to the type of 


hydrogen and not to that of water. Nitrite of ethyl is .- like 


and not xo ¢ like fy Os, In other words, the nitrite of ethyl 


bears the same relation to the nitrate — Oz which the cyanid of ethy! 


does to the cy anate Oz, The author promises to consider 
the subject more fully ieiinontion der Chemie und Pharmacie, 
xevii, 374. 

7. On the specific heat of some elements and on the isomeric modifiea- 
tions of Selenium.—Reenavcur has published an interesting and valuable 
addition to his former researches on specitic heat, and has now determined 
this important physical constant for several of the rarer elements. The 
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author, after a short introduction, describes in detail his mode of observa- 
tion and proceeds then to his results. The following table exhibits these 


results. 

Substance. Equivalent (O=100). Spec. heat. Product. 
Rhodium, ....... es 0°05408 35°26 
170°98 0°20556 35°15 
The same corrected for impurities, 170°98 0°21810 37°29 
The same nearly pure, ....... 170°98 0°21224 36°64 
0004 369°00 0°10696 39°47 
369°70 0°11095 41°00 
Tellurium (not distilled), ..... 806°50 0°05165 41°65 
The same (distilled), ........ 806°50 0°04737 38°20 
Selenium (fused), ........... 491-00 0°10310 
The same (vitreous), ........ sities 0°07468 36°66 
The same 0°07446 36°55 


The author remarks that the product of the equivalent by the specific 
heat in almost all these cases falls within the limits formerly assigned by 
himself, namely, between 36 and 41. The differences he attributes 
partly to impurities, partly to inaccuracy in the received equivalents, and 
partly to the fact that the observed spec. heats do not represent the 
spec. heats of the atoms alone, but also the spec. heat of expansion and 
of molecular changes. The spec. heat of an equivalent of sodium is 
twice as high as that of an equivalent of either of the other substances. 
The author infers that the true equivalent of sodium is half the received 
equivalent, viz. 193°6; the formula of soda is therefore Na2O. The 
melting point of sodium was found to be 97°63, that of potassium could 
not be accurately determined, as the liquid became pasty long before 
solidifying completely. A specimen of sodium in the author’s possession 
was very brittle and exhibited in its fracture perfectly regular pentagonal 
dodecahedra. 

Regnault’s experiments on selenium confirm those of Hittorf and 
Mitscherlich as to the two allotropic forms of this body. The = 
cific heats of the two allotropic modifications do not sensibly differ, 
and the same result had slready been obtained for the two allotropic 
forms of phosphorus. The author suggests that the high spec. heat of 
fused selenium may be owing to the fact that the vitreous selenium fuses 
much more easily than the metallic selenium, and that at the tempera- 
ture of 80° or 90° it already contains a volatile proportion of its latent 
heat of liquefaction. The spec. heats of the two modifications above 
given were taken at low temperatures. The author’s experiments on the 
quantity of heat set free during the passage of vitreous to metallic 
selenium shew that this is sufficient to raise the temperature of the latter 
by more than 200°C. It will be remembered that Regnault’s former 
experiments shewed that a much less quantity of heat is evolved when 
sulphur changes its form from the soft to the ordinary condition.— Ann, 
de Chemie et de Physique, x\vi, 257. Ww. @ 
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II. GEOLOGY. 


1. On Earthquakes in California from 1812 to 1855; by J. B. Trask, 
(Proc. Cal. Acad. Nat. Sci., vol. i, p. 80.)—In preparing this paper | have 
endeavored to obtain, as far as possible, the most correct information of the 
history of these phenomena in former years, and to correct some of the 
misapprehensions and statements which have appeared from time to time 
relating to the severity of earthquake shocks in this country during the 
earlier periods of its history. 

From careful inquiry of the older residents, I can learn of but one 
shock that has proved in the slightest degree serious, causing the destruc- 
tion of either life or property to any extent. This was the earthquake of 
September, 1812, which destroyed the Mission San Juan Capistrano, in 
Los Angeles county, and that of Viejo, in the valley of San Inez, in the 
county of Santa Barbara. 

The following is the history of that event as I have obtained it from 
the native inhabitants, and older foreign residents on this coast : 

The day was clear and uncommonly warm; it being Sunday the peo- 
le had assembled at San Juan Capistrano for evening service. About 
alf an hour after the opening of service, an unusually loud, but distant 

rushing sound was heard in the atmosphere to the east and over the 
water, which resembled the noise of strong wind, but as the sound ap- 
proached no perceptible breeze accompanied it. The sea was smooth and 
the air calm. So distant and loud was this atmospheric sound that sev- 
eral left the building on account of it. 

Immediately following the sound, the first and heaviest shock of the 
earthquake occurred, which was sufficiently severe to prostrate the Mission 
church almost in a body, burying in its ruins the most of those who re- 
mained behind, when the first indication of its approach was heard. 

The shock was very sudden and almost without warning, save from the 
rushing sound above noted, and to its occurrence at that moment is to be 
attributed the loss of life that followed. 

The number reported to have been killed outright, is variously esti- 
mated from thirty to forty-five, (the largest number of persons agree on 
the smallest number of deaths given), but in the absence of records such 
statements should be received with many grains of allowance, where 
memory alone is the only means left, and the term of forty-three years 
has elapsed to the period at which this account was placed on paper. A 
considerable number are reported to have been badly injured. 

There is a universal agreement on this point, viz: that the first shock 
threw down the entire building, and that a large number of persons were 
in it at that moment, and under the circumstances it would be most sin- 
gular if no deaths were caused by such an event. 

The motion of the earth is described as a lifting vertically, attended 
by a vortical movement. No undulatory motion is described by any one. 
Dizziness and nausea seized almost every person in the vicinity. 

A heavy, loud, deep rumbling, accompanied the successive shocks that 
followed, which were five in number, all having the motion above de- 
scribed, though comparatively light in their effects to the first. The sounds 
attending the phenomena came apparently from the south and east. 
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In the valley of San Inez, to the south and west of Santa Barbara, the 
ruins now known as the “ Mission Viejo,” were then produced ; the dis- 
tance between Capistrano and San Inez being about 170 miles. The 
shock which destroyed this building occurred about one hour after the 
former, and the inhabitants had left the building but a few minuies 
before it fell, service having closed. The first shock felt here prostrated 
the building, as in the preceding case. 

A Spanish ship which lay at anchor off San Buenaventura, 38 miles 
from Santa Barbara, was much injured by the shock, and leaked to that 
extent that it became necessary to beach her and remove the most of 
her cargo. 

It is an interesting fact, and at the same time somewhat remarkable, 
that the time which elapsed between the occurrence of the shocks at 
Capistrano and San Inez is widely different from what we should look for, 
when the distance apart and velocity of motion in earthquakes are taken 
into consideration. 

The effect of this earthquake on the sea, in the bay of Santa Barbara, 
is described as follows: “The sea was observed to recede from the shore 
during the continuance of the shocks, and left the latter dry for a consid- 
erable distance, when it returned in five or six heavy rollers, which over- 
flowed the plain on which Santa Barbara is built. The inhabitants saw 
the recesssion of the sea, and being aware of the danger on its return, 
fled to the adjoining hills near the town to escape the probable deluge. 

The sea on its return flowed inland little more than half a mile, and 
reached the lower part of the town, doing but trifling damage, destroying 
three small adobe buildings. 

Very little damage was done to the houses in town from the effects of 
the shocks, while the Mission at the San Inez was prostrated almost in- 
stantly. There is no evidence that I can find, that this earthquake was 
felt in San Luis Obispo, though such has been the report. 

Prior to 1812 I have not been able to learn of the occurrence of 
earthquakes that were particularly severe or destructive. There is evi- 
dence against any heavy shakings in the fact that from the foundation of 
the first Mission at San Diego in 1769, a period of eighty-six years has 
passed, during which time, but one, and that the above, finds a place 
either in their history or the memory of those now living. 

From the date of the above to the year 1850, we have no record of 
the occurrence of these phenomena, other than the fact that light and 
repeated shocks were common in the country. 

During 1850 the following shocks were recorded, but it is probable 
that several were not noted, as we find their frequency bears no relation 
to those which have occurred during subsequent years. 

1850. March 12.—A light shock was felt in San José. 

May 13.—A light shock in San Francisco. An eruption of Mauna 
Loa, Hawaii, on the same day. 

June 28.—A light shock in San Francisco. 

August 4.—A smart shock was felt in Stockton and Sacramento. 

Sept. 14.—Smart shock at San Francisco and San José. Total num- 
ber recorded in 1850, five. 
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1851. May 15.—Three severe shocks in San Francisco. During this 
earthquake, windows were broken and buildings severely shaken. A large 
amount of merchandize was thrown down in a store on California street, 
The shipping in the harbor rolled heavily. An eruption of Mauna Loa 
in the Sandwich Islands, on the same day. 

May 17.—A light shock in San Francisco. 

May 28.—A light shock on the Salinas. 

June 13.—A smart shock in San Francisco, which was felt at San Luis 
Obispo and San Fernando. 

Dee. 2.—A shock at Downieville. 

Dec, 31.—A smart shock at Downieville. Total number recorded in 
1851 is six. 

1852. From the beginning of this year, until past its third quarter, 
no disturbances were noted, until the month of November. 

Nov, 26.—The number of shocks noticed on this day at San Simeon 
was eleven, and at Los Angeles and San Gabriel the same number. The 
same number, or nearly so, was observed by parties having in charge a 
government train in transit from Camp Yuma to San Diego. This earth- 
quake was felt over the entire country east and south of San Luis Obispo, 
to San Diego and the Colorado river, covering a line of about 300 miles 

uare. Subsequent accounts prove that it atfected the country south of 
the Colorado as far as Guyamas in the province of Sonora. 

For the term of six days subsequent to the 26th, the entire south part 
of the State was convulsed, with slight intermissions. During their con- 
tinuance a mud volcano broke out upon the Colorado Desert, and another 
south of the Colorado, one of which was visited by a portion of the U.S. 
command under Maj. Heintzleman. 

Dec. 17.—Two smart shocks occurred in San Luis Obispo, which frae- 
tured the walls of two adobe buildings, and threw down part of the wall 
of the house belonging to, and occupied by Don Jesus Pico and family. 

During the month of December the southern and middle portions of 
California were much disturbed, and the effects were felt as far north as 
the 37th parallel. 

The shocks continued into the month of January, and were noticed 
until the 5th of this month on the San Joaquin. 

The period of time inclusive between the 16th of November (the date 
of the sad earthquake of Banda Neira, in the Molluccas) and the 26th of 
January, 1853, cannot but be regarded as one of the most remarkable 
periods of modern date. During this period a greater proportion of the 
earth’s surface was convulsed by subterranean forces, than has been known 
for many years, in the same length of time. 

The area most severely affected by these phenomena is included between 
the parallels of 40° south and 37° north latitude inclusive, making 76 
degrees of latitude, and extend from 120° east to 45° west longitude, 
making 210 degrees of longitude, or nearly equal to three-fifths of the 
equatorial circumference of the earth. 

At this time the coast of eastern Asia, the islands of the South Indian 
Ocean, Singapore, the Molluccas, the east coast of China, the north, east, 
and south of Australia, the coast of California, Mexico, and South Amer 
ca, with portions of the Atlantic coast, south of the 34th parallel, shared 
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in the general disturbance that prevailed upon our own shores during the 
riod above named. 

With the 26th of January ceased the vibrations on this coast at that 
time, (that were perceptible without the use of instruments): but it ap- 

rs that shocks continued much later on the east coast of China and 
Australia, extending into the month of February. 

1853. Jan, 2.—A smart shock felt in Mariposa, and at the same time 
in San Francisco, Shasta City, and Bodega. 

Jan. 5.—A shock at Corte Maderia. 

Feb. 14.—A light shock at San Luis Obispo. 

March 1.—A smart shock at San Francisco, felt at San Luis Obispo 
and Santa Barbara. 

April 24.—A light shock at Humboldt Bay. 

April 26.—Three shocks at Weaverville. 

June 2.—Two smart shocks on the plains of the San Joaquin. 

July 12.—A light shock in Yreka, Siskiyou Co. 

Sept. 3.—Four shocks on the San Joaquin and Salinas Plains. 

Oct. 23.—Three heavy shocks at Humboldt Bay. 

‘ Oct. 25.—A light shock at Humboldt Bay. 

Nov. 16.—A light shock at San José. 

Nov, 21.—A shock at San Francisco. 

Dee. 11.—A light shock at San Francisco and Mission Dolores. 

Dec. 23.—A light shock at Shasta City. 

Total number recorded in 1853 is fifteen. 

1854. Jan. 3.—Two smart shocks in Mariposa, and felt at the same 
time in Shasta. 

March 2.—A light shock in San Francisco. 

March 20.—A shock in Stockton. 

April 29.—A light shock at Santa Barbara. 

May 23.—A shock at Crescent City. 

May 31.—An earthquake at Santa Barbara, at 10 minutes before 5 
o'clock in the morning. There were three vibrations, the first of which 
was accompanied with a deep rumbling; the second was preceded by a 
loud rushing sound, like the approach of a strong wind. About four or 
five seconds elapsed between each shock. The sea was much disturbed, 
and a heavy surf swell came in soon after the second shock was felt, 
which passed some thirty feet beyond the old wreck near the embarca- 
dero. The inhabitants left their beds in their night attire, and sought the 
street. But little damage was done. 

June 26.—Two light shocks in Placer county. 

July 10.—One shock at Georgetown. 

July 14.—One shock at Georgetown. 

Sept. 14.—A light shock at Nevada. 

Oct, 21.—A light shock at Monterey. 

Oct. 26.—A smart shock at San Francisco, felt also at Benicia. Ves- 
sels lying at the wharves worked heavily on their hawsers. 

Total number of earthquakes in 1854 is twelve. 

Earthquakes during the year 1855.—The following is the record of the 
number of earthquakes that have occurred during 1855 in the State of 
California, with the date and hour of the day at which they were observed. 


SECOND SERIES, VOL. XXII, NO, 64.—JULY, 1856. 15 


a 
his 
rge 
a 
er, 
On 
‘he = 
ea 
th- 
po, 
les 
of 
er j 
| 
a- 
all 
as 
ed 
i 
of 
le j 
he 
1 
en q 
16 
le, 
he 
an 
st, 
ri- 
od 


114 Scientific Intelligence. 


Jan, 13, 64 Pp. mM—A smart shock occurred at San Benito and San 
Miguel, and was felt also, though light, at San Luis Obispo. 

an 24,10 p.m.—A heavy shock of an earthquake was felt at Dow- 
nieville, continuing seven or eight seconds. This shock was felt severely 
at Gibsonville on the north, at Forest City, Minesota, Orleans Flat, Eure- 
ka, Georgetown, and Nashville, on the Cosumnes, south, and at the Key- 
stone Ranch (Yuba Co.) on the west. The entire distance in a north 
and south direction affected, was ninety-four miles, and in a westerly line 
thirty miles. It was preceded by a profound rumbling, accompanied by 
a rushing sound like the approach of a strong wind in the distance, 
This shock shook buildings severely. A large pinnacle of rock, about 
100 feet in height, was precipitated from the top of the Downieville Butte 
down to the south fork of the Yuba at its base. 

Feb. 5,10 a.m.—A light shock was felt at Wolf Creek and the north- 
east part of Nevada county. 

April 7, 6 r. m.—A light shock was felt at Gibb’s Ferry, Trinity county, 
and was experienced as far north as Callahan’s Ranch, at the head of 
Scott’s Valley, Siskiyou county. 

June 25, 2 p.m—A smart shock was felt at Santa Barbara, and ex- 
tended northward as far as the valley of Santa Maria. This shock was 
cotemporaneous with one that occurred in Switzerland. 

July 10, 94 a.m.—A light shock was felt in Georgetown, El Dorado 
county, which lasted about four seconds. On the same day a very severe 
shock was felt in the city of Los Angeles, which did considerable damage. 
There were four distinct shocks during the earthquake, with a period of 
about two or three seconds elapsing between each vibration. During 
their continuance, the ground opened in several places, in fissures of one 
or two inches, the ort of which remained for several days afterwards. 
There were some twenty-six buildings in the city more or less injured, 
which I personally examined, and among them the church, the west 
wall of which was split from top to bottom in two places, the fissures 
being from one to two and a half inches in breadth, running entirely 
through. The east wal! was split at a slight angle from the perpendic- 
ular, and had but one fissure. The walls of the Star Hotel were split in 
several places, and on the west side there appears to have been a decided 
horizontal motion, as the wall was displaced on that side horizontally to 
the depth of about one inch, and some eight or nine feet in length. The 
amount of displacement decreased from the west end of the building to- 
wards the centre. It is a fact worthy of note, that none of the thin 
adobe walls of the buildings suffered injury, while most of the thick 
walled buildings were injured to a greater or less extent. 

During the earthquake, many articles were thrown down, those that 
were standing on shelves against the east end of the buildings were 
thrown westward on to the floor, and those on the opposite end of the 
buildings were thrown back in an inclined position against the walls. 
These features were noticed in the drug stores of Doctors Winston and 
Hope, situated on the main street, and a short distance west of the church. 

The meteorological condition of the atmosphere was rather unusual, 
and is described as follows:—The day was unusually warm and sultry, 
attended with little thunder and some rain, (the latter very unusual) and 
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avery sudden change of temperature to unpleasant coldness. At Point 
San Juan there was observed considerable commotion in the water, at- 
tended with a strong rushing sound, and two unusually heavy surf swells 
immediately following the last shock. 

This shock was felt distinctly at the saw-mill some eight miles east of 
San Bernardino, about seventy miles east of Los Angeles, and at Santa 
Barbara, about one hundred miles in a westerly direction. At Los Angeles 
the shock occurred at fifteen minutes after eight in the evening. 

Aug. 12, 94 a.m.—A light shock of an earthquake was felt at George- 
town, which lasted about three seconds. The vibration apparently came 
from the north. Between this date and the 10th of July there were four 
other light shocks, the dates of which are not recorded. 

Oct. 21, 7% p.m.—A smart shock of an earthquake was felt in San 
Francisco. The buildings situated over the water were viclently shaken. 
There was much commotion in the water of the harbor a few minutes 
e— the shock, which caused several vessels to heave heavily at their 

awsers and cables. 

Oct. 27, 3 p. m.—A light shock was felt in the valley of Clear Lake. 
On the same day a shock was felt at Downieville, which lasted about five 
— At Goodyear’s Bar it was more severe than at the preceding 
ocality. 

Dec. 5, 11.20 a. m—The shock of an earthquake was felt at Humboldt 
Bay, which lasted about three seconds. There were two vibrations, the 
last being the most severe. 

Dec. 11, 4 a.m.—A shock was felt in San Francisco and at the Mission 
Dolores ; at the latter place it is represented as having been quite severe. 

Jan, 2, 1856, 10 a. m—A light shock in San Francisco, which lasted 
about three seconds. The shock came from the north and was undulatory. 

The whole number of which I have a record for 1855, amounts to 
twelve only; but there may be others which have escaped my notice on 
account of absence from the city. 

The following table will show the number of shocks for each year, and 
for each month of the year, for six years from 1850 to 1855 inclusive : 


No. for each 
1850 | 1851 | 1852 | 1853 | 1854 | 1855 |month in six 
yea 
2 1 2 5 
os 1 1 2 
1 1 2 4 
2 1 1 4 
1 3 2 6 
1 1 1 i 1 5 
1 2 1 4 
1 1 2 
1 1 1 3 
ee re 2 2 2 6 
1l 2 13 
a 2 1 2 2 7 
otal each year, ...... 5 | 6 12 | 15 { 13 | 61 


From the above it will be seen that of the total number of shocks in 
six years in this State, forty-seven have occurred during the spring, sum- 
mer and autumn months, and fourteen during the winter months, 
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Of the total number noted, twenty-seven have occurred from San Luis 
He south, and of the thirty-two remaining, nine have been felt in 
San Francisco at the same time they were observed at San Luis Obispo, 
while the remaining twenty-three were felt at San Francisco and north of 
that point. 

Notwithstanding we have had, what may perhaps be considered a fre- 
quent recurrence of these phenomena, still there are but a very few of the 
total number that would have excited attention south of the twenty-fifth 
parallel of north latitude, for there they would be regarded as minor 
affairs entirely. 

From all the facts in our possession relating to the phenomena on our 
coast, it appears that the greatest preponderance in action, and severity 
of effects, is exerted for the most part, south of Point Conception, for, 
from this place, east, south and north, to near the Colorado, the most 
conclusive evidence exists of very recent volcanic action having been ex- 
erted on rather an extensive scale, which is also still persistent in several 
localities within the area named, though in a minor degree. 

It would be interesting to examine what changes of level, if any, have 
taken place in this State within the last five years; but, as more ex- 
tended observations would greatly assist us in forming conclusions on this 
subject, I will defer that portion until a future day. 

2. Geographical Discoveries in Africa.— Dr. Petermann’s Mittheilungen 
aus Julius Perthes’ geographischer Anstalt (1856, I.) contains a memoir 
from J. Erhardt, one of the Missionaries of the Church Missionary Society 
of England, illustrating a Chart of Central and Eastern Africa, prepared 
by him, and his colleague, J. Rebmann. This memoir is accompanied by 
strictures upon that portion of it which relates to a great inland sea, by 
W. Desborough Cooley of London, and an explanatory article by the 
Editor, Dr. Petermann. 

The chart of Messrs. Erhardt and Rebmann presents many interesting 
details in regard to the mountains, plains, and rivers, as well as the cara- 
van routes, and villages, between the equator and 10° S Lat., and east of 
Long. 33° E from Greenwich. The chart also gives the supposed outline 
of a great lake, lying for the most part west of 30° Long. E, as indicated 
in the adjoining cut. Erhardt and Rebmann base their statement partly 
on the observations of missionaries, but mainly on a collation of the 
accounts of aboriginal traders. 

The memoir states that in the region described there are no mountain 
terraces as have been supposed, but groups of mountains and isolated 
peaks which are for the most part very steep, rising from a horizontal 
plain, often standing near one another but never forming a continuous 
chain. Between 2° and 13° S Lat., inward from the coast, Africa appears 
as a great plain, varying scarcely enough in its elevation to give a course 
toward the Indian Ocean for the Ofi, Sabaki, Rufuma, and other rivers, 
which take their rise in the solitary mountains that have just been referred 
to. At length the plain slopes towards the west and is there bounded by 
a great sea, which is called Niandsha at its southern end, Ukeréive at the 
northern, and Niasa and Bahari ya Uniamési along the coast. 

Central Africa has long been visited by the natives who dwell near the 
Indian Ocean. In the interior they buy their ivory and procure their 
slaves. The principal routes are three ;—viz., 
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Dsh4go and to the Masai plains. 


Position according to Petermann. 


LAKE OF UNIAMESI, AFRICA, 


Position according to Erhardt. 


Kiloa is filled, are brought from over the sea. 


1. The northern, from Pangani, a village on the coast, from Tanga to 


; Mom- 


; u, Mt. Kilimandscharo ; 
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the last three snowy peaks. 


2. The central, from Bagaméyo, and Mboamaji to Uniamési. 
3. The southern, from Kiloa and Kisaénga (opposite the island Wuiba 
or Dbo) to the forts of Niasa, where the slaves with whom the market at 
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Mr. Cooley, as has already been said, criticises in some respects the 
views of Erhardt concerning the extent of this inland sea. Dr. Petermann, 
in admitting the force of Cooley’s observation, has drafted another chart 
indicating his belief in regard to the boundaries of a great body of water, 
the existence of which is beyond dispute. A comparison of the two 
charts of Erhardt and Petermann, will do more than a lengthy descrip- 
tion to show the points in which these writers differ and agree. 

Information concerning this central lake has been published in Euro- 
pean journals and elsewhere, since 1845. Dr. Petermann appends to his 
remarks the following bibliographical notes. 

1. Cooley, W.D. Geography of N’yasi or Great Lake of Southern Africa 

investigated, (Jour. Roy. Geog. Soc. 1845, vol. xv, pp. 185--235). 

. Macqueen. Visit of Lief Ben Saeid to the Great African Lake, (ibid. 
pp. 371-374). 

. Cooley, W.D. Further Information in reference to N’yasi (ibid. 1846, 
vol. xvi, pp. 138-143). 

. Cooley, W.D. Inner Africa laid open, (Lond. Longmans, 1852.) 

. Brand. Notice of a Caravan Journey from the East to the West 
Coast of Africa, with remarks by W. D. Cooley, (Jour. R. G, Soc. 1854, 
vol. xxiv, pp. 266-271). 

. Church Missionary Intelligencer, since 1850. 

. Calwer Missions Blatt, since 1850. 

. Sykes, (Col.) Notes on Central Africa, (Jour. R. G. Soc. 1853, vol. 
xxiii, pp. 101-119). 

9. Ewald, (H.von.) tiber die Vélker und Sprachen siidlich von Atthiopen, 

(Quitschrift der Deutschen Morgenlandischen Gesellschaft 1. pp. 44-56. 
10. Krapf. Briefe von der Ost Afrikanischen Kiste, (ibid. ii, pp. 310-321. 
11. Pott, (Prof.). ttber die Kihiau Sprache, (ibid, vi, pp. 331-349.) 

8. Notices of remains of extinct Reptiles and Fishes, discovered by Dr. 
F. V. Hayden in the Bad Lands of the Judith River, Nebraska Terri- 
tory ; by Josepn Lerpy, M.D., (Proc. Philad. Acad. Nat. Sci., vol. viii, 
No. 2, p. 72). 

(1.) costatus, Leidy—The genus and species are 
founded on a single specimen of a tooth of a lacertian, discovered by Dr. 
Hayden. 

The crown of the tooth is palmate, with eight radiating costs termin- 
ating at the margin in more or less developed points. The fang is flat- 
tened cylindrical, and is hollow; and it expands into a ridge surrounding 
the base of the crown. Breadth of the crown 4 lines, length 24 lines; 
width of the fang 2 lines, thickness 1 line. Whole length of the speci- 
men 4 lines, 

(2.) Tracnopon mirasiiis, Leidy.—The genus and species are founded 
upon specimens of teeth, generally very much worn and in a fragmentary 
condition, of a herbivorous lacertian reptile allied to the Zguanodon, dis- 
covered by Dr. Hayden. 

One of the specimens of teeth is an unworn crown, about 14 lines 
long and 5 lines in diameter at its thickest part. It has the form of 4 
slightly bent hexahedral column, bevelled off convexly from the summit 
of the tooth internally to the base externally. The outer surface is smooth, 
and has a prominent median ridge and prominent subacute lateral bor- 
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ders. The inner surface of the tooth, presenting the five smaller sides of 
the column, is quite roughened with irregular granulations. The base of 
the tooth is hollow, and its walls at the broken border of the specimen 
are 14 lines thick. 

In another and much worn specimen of a tooth, which had apparently 
been shed, and is now 44 lines long; the triturating surface is slightly 
concave and pentahedral, with concave sides, and is 4 lines in diameter. 
The two portions of‘the outer surface incline much more from the median 
ridge than in the preceding specimen ; and the base of the tooth is hol- 
lowed, apparently from the pressure of a successor. 

(3.) Troopon rormosus, Leidy.—The genus and species are founded on 
asingle specimen of a tooth of a lacertian, discovered by Dr. Hayden. 

The specimen consists of a compressed, curved, conical crown with 
trenchant edges. The outer side is more convex than the inner, which is 
worn off towards the apex from friction of the opposing tooth. The 
trenchant edges are coarsely denticulated ; the denticulations themselves 
being compressed conical, with trenchant edges, and are bent in such a 
manner that their apices are directed towards the summit of the crown. 
The base of the tooth is hollow, and is 2 lines wide and 1 lines trans- 
versely ; and the length of the specimen is 3 lines. 

(4.) Dernopoy norripus, Leidy.—This genus and species are founded 
on a number of specimens, consisting of fragments of teeth of a saurian 
reptile, discovered by Dr. Hayden. 

Nine of the specimens referred to consist of crowns of teeth or of their 
summits, which resemble those of Megalosaurus, being compressed coni- 
cal and curved, and having trenchant, dentated borders. They are gene- 
rally thicker in relation to their breadth than in Megalosaurus, which 
might only be a specific distinction, were it not that there are several 
other teeth in the same collection apparently of the same animal, but 
quite peculiar in form. 

One of the specimens is a curved conical crown, nearly circular in 
transverse section, having a prominent dentated ridge on each side. A 
second specimen is a crown, semi-elliptical in transverse section, with the 
posterior borders dentated. A third specimen is a small fragment of a 
very large tooth, apparently with nearly the same form as the latter; and 
a fourth specimen is a portion of the crown of a tooth, semi-elliptical in 
transverse section, with the posterior borders elevated but not dentated. 

Had the different forms of teeth above indicated been obtained from 
different localities, they might have been referred to at least four distinct 
genera, but having been discovered together, and possessing the same 
structural appearances, I suspect them to have belonged to one and the 
same species, 

The largest specimen resembling the teeth of Megalosaurus in its pres- 
ent condition, is 1} inches long from the apex, § of an inch broad at 
base, and 5 lines thick. One of the specimens, which is semi-elliptical 
i section, is over an inch in length from the apex, 8 lines broad at base, 
and 34 lines wide at the posterior surface. Another specimen, apparently 
with the same form as that just indicated, in its perfect condition ap 
to have had the crown over two inches in length, nearly an inch in 
breadth, and about half an inch in width posteriorly. 
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(5.) Crocopitus numiiis, Leidy.—The species is founded on ten speci- 
mens of shed crowns of teeth, apparently of a small species of crocodile, 
The largest specimen is 74 lines long and 34 lines in diameter at base, 
which is nearly circular. Another specimen is 7 lines long and 24 lines 
in diameter at base; and a third specimen is 6 lines long and 34 lines in 
diameter at base. These are all moderately curved conical, nearly circu- 
lar in transverse section, with the two usual internal acute ridges, and 
with the intervening surfaces slightly striate or nearly smooth. The 
crown of a posterior tooth is compressed, mammillary in form, 24 lines 
long and 24 wide at base, with the summit obtuse, and the sides finely 
and longitudinally rugose. 

(6.) Trronyx roveatus, Leidy.—The species is founded on fragments 
of several costal and sternal plates. The exterior surface of the costal 
plates is covered with pits, excepting close to the margins; and the pits 
are small and round at the vertebral extremity, and gradually increase in 
size outwardly and become antero-posteriorly oblong oval and reniform. 
A vertebral fragment of a third or fourth costal plate, a little over an inch 
in length, is 11 lines wide and 2 lines thick. Small fragments of the 
sternal plates present an exterior surface covered with broken vermicular 
ridges and tubercles separated by wide intervals. Fragments of a hy- 
posternal plate are 3 lines in thickness. 

(7.) Lermorus occwentauis, Leidy.—A species proposed on five spe- 
cimens of thick lozenge-shaped scales, with the root prolonged in the 
direction of the long diameter. The enamelled surface of the scales is 
smooth and shining. The largest one has its sides about 4 lines long, 
the smallest one about 24 lines long. 

(8.) Lepmorus Haypvent, Leidy.—A species proposed on a single speci- 
men of a thick oblong square scale, the long sides of which measure 5 
lines, and the short sides 34 lines. The root projects forward from one 
of the long sides, and the enamelled surface of the scales is covered with 
parallel square lines. 

This species is named in honor of Dr. Hayden, who collected the re 
mains characterized in this paper; and which remains, I suspect, indicate 
the existence of a formation like that of the Wealden of Europe. 

In the same number of the Proceedings of the Philadelphia Academy, 
Dr. Leidy has described several new fossil Mammalia from Nebraska; 
two Pachyderms which he names Leptocharrus spectabilis and Hyracodon 
nebrascensis ; a Ruminant, Leptauchenia decora ; a Herbivorous Cetacean, 
Ischyrotherium antiquum ; four Rodents, Steneofiber nebrascensis, Ischy- 
romys typus, Paleolagus Haydeni, Humys elegans ; two Carnivores, 
Amphicyon ? gracilis, and Deinictis felina. The Palwotherian remains 
of Nebraska he refers all to his genus Titanotherium. 

4. Notice of anew Fossil Genus belonging to the Family Blastoidea, 
from the Devonian strata near Louisville, Kentucky ; by B. F. Suumann, 
M.D., and L. P. Yanvett, M.D., (Ibid., p. 73.)}—The remarkable Crinoid, 
now for the first time brought to the notice of Palzontologists, was dis- 
covered by us as early as 1847, in a gray sub-crystalline y aden on 
Bear Grass Creek, near Louisville, Kentucky, associated with characteris- 
tic fossils of the Devonian system. At that time we had observed only 
detached plates of the genus, which did not permit us to recognize its 
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most important peculiarities, and we regarded it as being merely a species 
of Pentremites (Say), analogous to (P. Hleacrinus) Verneuili (Roemer). 
Afterwards, through the politeness of S. A. Casseday, Esq., of Louis- 
ville, we were put in possession of two individuals in a more perfect state 
of preservation, and these, with some specimens since found by ourselves, 
have furnished the material from which we are enabled to add a new and 
interesting genus to the family Blastoidea. 

Erevrnerocrinus, Vov. Gen.—Agreeable to the plan pursued by 
Messrs. de Koninck and Le Hon, we give as the ene of the genus— 
Basal pieces, 3—One small, two irregular and very much elongated. 

Radial pieces, 1 X 5.—Four-forked, occupying nearly the whole length, 
one short and not forked.—Jnterradial pieces, 1% 5.—Small. 

Pseudoambulacral areas, 5.—Four linear extending nearly the entire 
length of the calyx, one short, sub-triangular, situated on the summit 
plane.— Column, none.— Ovarial apertures, 8 (?) 

Generic characters.—The calyx is of an elliptical form, truncated at 
summit and subtriangular at base. 

Base very irregular in form, sub-triangular at its lower part, and 
prolonged on one of its sides to a remarkable length. It consists of 
three pieces, one of which is small, lozenge-shaped; the other two are 
precisely alike, very large and prolonged nearly to the middle of the 
calyx. These latter pieces are joined together in the median line by a 
straight suture, with which their external edges are sub-parallel, except 
the inferior fifth, which exhibits a small angular fold, directed obliquely 
forwards to articulate with the inferior edges of the single basal piece. 
The superior edge of this fold is also emarginated to receive the extremity 
of an elongated radial piece. 

Radial pieces: four are non-symmetrical, occupy nearly the entire 
length of the calyx, and are channelled almost to the base for the recep- 
tion of the pseudoambulacre. The middle pair alternate with the single 
basal, the exterior ones repose on the emarginated edges of the fold of 
the large basals. The fifth radial piece scarcely exceeds one-half the 
length of the others, though it is much wider. It rests on the upper 
edges of the large basals and between the superior half of two of the 
long radials. Its upper edge reaches to the level of the summit plane. 
The surface is destitute of a pseudo-ambulacral groove. 

Interradial pieces : five, small, alternating with the radials. Three of 
them are somewhat lozenge-shaped; two irregular in form, articulate 
with the short radial piece. 

Pseudoambulacral areas: four are linear, commence at the central sum- 
mit, opening and descend nearly to the base; the fifth is triangular and 
lies horizontally on the summit plane just within the edge of the short 
radial piece. 

Ovarial apertures: only eight of these openings are visible in the 
specimens under examination ; two are situated at the extremity of each 
lozenge-shaped interradial, each pair being divided by a mesial septum ; 
but at the extremity of each irregular interradial there is apparently 
merely a simple round opening without any visible septum. No anal 
opening is to be seen in our specimens. Mouth nearly central. 
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Column.—No trace of an aperture or articular facet exists at the base 
to indicate that the genus possessed a column. 

Cassevayi. sp.—The body of this species is 
of an ellipsoidal form, truncated at summit, sub-triangular below, and 
flattened on that portion of the circumference occupied by the large 
basals and short radial. The surface of all the principal pieces is marked 
with numerous delicate striz, slightly flexuous and running in a direction 
nearly parallel with the edges. 

Basal pieces.—The outer long ones descend lower than the middle pair 
and the extremities of their pseudoambulacral fields are nearer the infe- 
rior extremities of the pieces. Their internal limb is narrow, lanceolate 
and obliquely truncated above ; the external one is broadest, obtusely tri- 
angular, and bent backwards nearly at right angles, to unite with the 
long basals and short radial, forming with these a flattened convex sur- 
face, whose transverse diameter equals the total width of the calyx. The 
middle pair, or those standing over the small basal, are more regular in 
form than the outer ones, their branches narrow and equal. The internal 
edges of ali the branches of the long radial pieces are limited by a fine 
carina, terminating below in a triangular projection, on which rest the 
extremity of a pseudoambulacral field. The lateral sutures are also 
marked by a fine carina. The short radial piece is sub-pentagonal and 
angulated in the middle; its length and breadth about equal. Below it 
rests by a double concave edge on the extremities of the long basals; 
the lateral edges are arched, the outline of the superior edge somewhat 
V-shaped. 

Interradial pieces.—The three regular ones are swelled and rounded at 
the apex, and terminate below in three salient angles; the lateral edges 
are strongly crenulated. The irregular pieces are situated on either side 
of the short radial. They are scarcely more than half the width of the 
others, and only one of the lateral edges is crenulated. 

Pseudoambulacral areas.—The four linear areas are convex, and pro- 
ject above the plane of the interradial plates. The pore pieces are trans- 
verse, sub-pentagonal and finely crenulated at their internal edges. Their 
surfaces are deeply indented, and their number on each side of a field 
amounts to about thirty-five. The supplementary pore peices are sub- 
triangular and very minute. The fifth or anomalous area is small, trian- 
gular, and situated on the summit plane just within and a little below the 
superior edge of the short radial piece. The pore pieces are transverse, 
wide, and amount to about seven on each side of a field. Their form 
and that of the supplementary pore pieces cannot be well made out in 
the specimens on hand. The apertures situated at the extremities of the 

ieces amount to about fourteen for the entire field. 

The Hleutherocrinus Cassedayi is the only known species of the genus. 

[A fine lithographic plate of this species is given in the Proceedings of 
the Philadelphia Academy, from which the description is here cited.] 

5. Reptilian remains in the New Red Sandstone of Pennsylvania ; by 
J. Lea, (Proc. Acad. Sci. Phil, viii, 77, March, 1856.)—Mr. Lea read 
some notes from a paper he is preparing for the Journal of the Academy 
on the New Red Sandstone formation of Pennsylvania, and stated that 
he had, during an excursion last summer, found in the dark shales of 
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that formation, near Phoenixville, on the Schuylkill, the tooth of a Sau- 
roid Reptile, which he thus characterized. 

CenTeMopon* sutcatus.—Tooth smooth, rather thick, slightly curved, 
with trenchant edges, rounded on the exterior portion, sulcate on the 
lower part near the base, covered with very minute distinct strie from 
the point to the base, which strie cross the sulcations in slightly oblique 
lines. Length sixteen-twentieths of an inch, greatest breadth four-twen- 
tieths of an inch; pulp cavity large. 

‘On comparing this tooth with Clepsysaurus Pennsylvanicus, which he 
had described from the same Red Sandstone formation in Lehigh county, 
it will be found to differ very widely. The edge is not serrate on any 
part like that genus, nor is it so large or so attenuate. The form, too, is 
more compressed. It differs from the teeth of Bathygnathus borealis, 
Leidy, from the New Red Sandstone of Nova Scotia, in size, being 
smaller and more attenuate, as well as in having a trenchant smooth 
edge and not a serrate edge. It is about the size and approaches the 
form of Prof. Owen’s figure of Labyrinthodon, plate 63, A. f. 2, of Odon- 
tographia, but it is more flattened. 

Mr. Lea also stated that in the greenish and blackish shales of the 
same locality he found two species of Posidonia, which genus is so char- 
acteristic of this portion of the formation and existing in immense quan- 
tities. As they seem to differ from that figured by Sir Charles Lyel, in 
his Elementary Geology, as coming from Oolitic coal shale of Richmond, 
Virginia, Mr. Lea proposed the names of P. ovata and P. parva, the first 
being about seven-twentieths of an inch in transverse diameter. The 
latter is more rotund, and about three-twentieths of an inch in transverse 
diameter, both being covered with numerous minute concentric cost 
over the whole disc. 

Near to this locality and superimposed, Mr. Lea obtained a specimen of 
impure dull red limestone, which contained, on a partially decomposed 
surface, impressions presenting the appearance of Foot-marks, somewhat 
like Chelichnus Duncani, Owen, figured by Sir Wm. Jardine in his Ich- 
nology, for which Mr. Lea proposed the provisional name of Chelichnus 
Wymanianus, after Professor Wyman, of Cambridge, Mass. 

From the same formation and locality were procured the impressions 
of plants, some of which belong to the Conifere. One of the cones was 
nearly six inches long and full an inch wide. These were accompanied 
by other plants of very obscure character, covering large portions of the 
surface of some of the layers. 

Mr. Lea also mentioned that he had observed the same red, black and 
gray shales at Gwinnedd, on the North Pennsylvania Railroad, where he 
found the same Posidonia, and some of the same obscure plants, impres- 
sions of which covered the surfaces of many of the rocks. A single 
—— was obtained of a plant with long leaves somewhat resembling 

Joeggerrathia cuneifolia, Brongniart, which is from the Permian. 

In the black Posidonia shales was found a single Ganoid scaie, which 
is more like ‘Pygopteris mandibularis, ‘Agas., from the Marl Slate (Lower 
Permian) than any other which had come under Mr. Lea’s notice. There 
were other obscure forms observed, which have not been satisfactorily 


* Kivruia, aculeus, and ddous, dens. 
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found to be analogous to any known forms, but which Mr. Lea hoped to 
be able to make out when he should figure all the specimens and describe 
them more at large for the Journal of the Academy. 

6. On the Composition of the Water of the Delaware River ; by Henry 
Wurtz, New Jersey State Chemist, ete—The water of the Delaware 
which was submitted to analysis, was collected from the river on the 11th 
day of September last, at a spot opposite the pump-house of the Water 
Works, and immediately over the grating through which the water is 
drawn to supply the reservoir. A specimen was also obtained upon the 
same day, of the water in the reservoir, for the purpose of comparing the 
proportion of foreign ingredients in the reservoir water, with that in the 
river water. The spring water analysed was obtained some days later, 
from one of the tanks from which the city was formerly supplied, in the 
rear of the residence of Mr. Closson. 

The proportion of solid matter found in the several waters was as 
follows : 


In one gallon of Delaware water, 
In one gallon of the reservoir water, 
In one gallon of the spring water, 


For convenience of comparison, I will here quote the results of Pro- 
fessor B, Silliman, Jr., obtained some years ago with the Croton and 
Schuylkill waters.* 

Solid matter found by Prof. Silliman : 


In one gallon of Croton water, 
Tn one gallon of Schuylkill water, 


The most remarkable thing about these results is that notwithstanding 
the quantity of sand, mud, and other sediment which is suspended in the 
river water, so much as to injure the pumps, and which must be in great 
measure deposited and separated from the water in the reservoir, the 
latter, nevertheless, actually contains more solid matter than the river 
water itself. This can only be accounted for by the favorable conditions 
presented in the reservoir for the growth of minute animals and plants, 
whose remains add of course to the weight of the solid residue obtained 
on evaporation. My pupil, Mr. Howland Bill, has at my request sub- 
mitted the water in the reservoir, and the deposit formed at the bottom, 
to a microscopic examination, and reports to me that he finds in the 
water several varieties of animalcules and lichens or minute plants, and 
that the sediment especially is almost wholly composed of forests of min- 
ute plants through which roam herds of such animals as Volvox globaior, 
or “ globejelly,” Vibrio anser, or “ goose animalcule,” and several species 
of Baceillaria and Navicula. On the surface of the water he found a 
slight green scum, which when magnified resolved itself into collections 
of the Cercaria mutabilis, an animal production characteristic of stagnant 
water. Numerous large green water weeds may also be seen floating in 
the reservoir. 


* Silliman's Journal, [2], ii, 221. 
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Recurring to the results given above, it may also be remarked that the 
river water is really somewhat less charged with foreign ingredients than 
that of the springs, although the latter is so much more pleasant to per- 
sons ssing delicate organs of taste. This probably arises from the 
fact that the principal mineral ingredient in spring water, as shown by 
the analysis, is chlorid of sodium or common salt, while the river water is 
principally contaminated with carbonates of lime, magnesia, potash, etc., 
which give water a bitter taste. 

The analysis will be found below in a complete form and arranged so 
as to admit of a comparison between the composition of the river and the 


springs. 


RIVER. SPRINGS. 
Grains in one gallon of 58,372 
grains. 
Whole solid matter found, ............. 3534581 3607750 
Carbonate of magnesia, "889972 
Carbonate of potash, 172471 
Chlorid of potassium, 012190 
Sulphate of lime, ........... "185847 009233 
of Time, 142338 "144659 
Sesquioxyd of iron, with trace of Alumina,.... °027453 126778 
"277662 
In combination with the silica Magnesia, .... ———— "355620 
and organic matter, Potash, ..... 493059 
"173518 
Oxyd of manganese, trace. 
Organic matter containing ammonia,........ 634852 558342 
Epecific gravity, 100071 99972 


The specific gravity of the Reservoir water was 1:00064. 

On comparison of this analysis of the waters of the Delaware with 
other analyses of river waters, the fact is rendered apparent that few rivers 
exist whose waters are so free from impurity. All causes of complaint 
which have arisen are due to the improper mode of storing the water for 
we. Open reservoirs, in which the water is kept standing for several 
days to stagnate in the heat of the sun, are perfect hotbeds for the growth 
of animal and vegetable life. Finding every necessary requisite to their 
germination, light, heat, and an unlimited supply of fertilizing mineral 
substances, phosphates, sulphates, carbonates and silicates of lime, potash, 
ammonia, etc., infinite numbers of minute seeds spring forth into growing 
plants, which in their turn furnish nourishment to innumerable swarms of 
living animals engendered from their embryos preéxistent in the water. 
The breeding of these microscopic creatures, under favorable circum- 
stances, is so rapid that in a very few hours the water will become alive 
with them. 
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7. On the successive Changes of the Temple of Serapis ; by Sir Cuaruzs 
Lye, F.R.S., (Proc. Roy. Inst. of Great Britain, March 7, 1856.)—The 
Temple of Serapis, near Naples, is, perhaps, of all the structures raised 
by the hands of man, the one which Tae ty most instruction to a geolo- 
gist. It has not only undergone a wonderful succession of changes in 
past time, but is still undergoing changes of condition, so that it is ever 
a matter of fresh interest to learn what may be the present state of the 
temple, and to speculate on what next may happen to it. This edifice 
was exhumed in 1750, from a mixed deposit, extending for miles along 
the eastern shores of the bay of Baiz, and consisting partly of strata 
containing marine shel!s, with fragments of bricks, pottery, and sculpture, 
and partly of volcanic matter of subaerial origin. Various theories were 
proposed in the last century to explain the lithodomous perforations 
and attached serpule, observed on the middle zone of the three erect 
marble columns now standing; some writers, and the celebrated Goethe 
among the rest, suggesting that a lagoon had once existed in the atrium, 
filled, during a temporary incursion of the sea, with salt water, and that 
marine mollusca and annelids flourished for years in that lagoon, ata 
height of 12 feet or more above the sea level. This hypothesis was ad- 
vanced at a time when almost any amount of fluctuation in the level of 
the sea was thought more probable than the slightest alteration in the 
level of the solid land. In 1807, the architect Niccolini observed that 
the pavement of the temple was dry, except when a violent south wind 
was blowing; whereas, on revisiting the temple 15 years later, he found 
the pavement covered by salt water twice every day at high tide. This 
induced him to make a series of measurements from year to year, first 
from 1822 to 1838, and afterwards from 1838 to 1845; from which he 
inferred that the sea was gaining annually upon the floor of the temple, 
at the rate of about one-third of an inch during the first period, and 
about three-fourths of an inch during the second. Mr. Smith, of Jordan- 
hill, when he visited the temple in 1819, had remarked that the pave- 
ment was then dry, but that certain channels cut in it for draining off the 
waters of a hot spring, were filled with sea water. On his return, it 
1845, he found the high-water mark to be 28 inches above the pavement, 
which, allowing a slight deduction on account of the tide, exhibited an 
average rise of about an inch annually. As these measurements are in 
accordance with others, made by Mr. Babbage in 1828, and by Professor 
James Forbes, in 1826 and 1843, Mr. Smith believes his own conclusion 
to be nearest the truth, and attributes the difference between his average 
and that obtained by Niccolini (especially in the first set of measurements 
by the latter observer), to the rejection by the Italian architect, of all the 
highest water-marks of each year, causing his mean to be below the true 
mean level of the sea. In 1852, Signor Arcangelo Scacchi, at the re 
quest of Sir Charles Lyell, visited the temple, and compared the depth of 
water on the pavement with its level as previously ascertained by him- 
self in 1839, and found, after making allowance for the tide at the two 
periods, that the water had gained only 44 inches in thirteen years, and 
was not so deep as when measured by MM. Niccolini and Smith, in 1845; 
from which he inferred, that after 1845, the downward movement of the 
land had ceased, and before 1852, had been converted into an upward 
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movement. Since that period, no exact account of the level of the water 
gems to have been taken, or at least none which has been published. 

Sir Charles Lyell then called attention to the head of a statue, lent to 
him for exhibition by Mr. W. R. Hamilton, and which Mr. H. had pur- 
cased from a peasant at Puzzuoli, in the neighborhood of the temple. 
This head bears ali the distinctive marks of the Jupiter Serapis of the 
Vatican ; and, among others, a flat space is seen on the crown, doubtless 
intended to receive the ornament, called the modius, or bushel, an emblem 
of fertility, which adorns the ancient representations of this deity. One 
ide of the head is uninjured, as if it had lain in mud or sand, while the 
other has “ suffered a sea change,” having been drilled by small annelids, 
and covered with adhering serpule, as if submerged for years in salt 
water, like the three marble columns before mentioned. 

The speaker then alluded to an ancient mosaic pavement, found at the 
time of his examination of the temple, 1828, five feet below the present 
for, implying the existence of an older building before the second tem- 
ple was erected. The latter is ascertained by inscriptions, found in the 
interior, to have been built at the close of the second and beginning of 
the third centuries of the Christian era. 

A brief chronological sketch was then given of the series of natural 
and historical events connected with the temple and the surrounding re- 
gion; comprising the volcanic eruptions of Ischia, Monte Nuovo, and 
Vesuvius; the date of the first and second temples, and their original 
height above the sea; the periods of the submergence and emergence of 
the second temple; the nature of the submarine and supramarine forma- 
tions, in which it was found buried in 1750; and, lastly, allusion was 
made to a bird’s-eye view of this region, published at Rome in 1652, 
and cited by Mr. Smith, in which the three columns are represented as 
sanding in a garden, at a considerable distance from the sea, and be- 
tween them and the sea two churches, occupying ground which has since 
disappeared. The history of the sinking and burying of the temple in 
the dark ages, respecting which no human records are extant, has been 
deduced from minute investigations made by Mr. Babbage and Sir Ed- 
mund Head, in 1828, respecting the nature and contents of certain de- 
pesits formed round the columns, below the zone of lithodomous perfo- 
rations, 

_ The unequal amount of movement in the land and bed of the sea, and 
its different directions in adjoining areas in and around the bay of Bai, 
were then pointed out; and the fact that the Temples of Neptune and 
the Nymphs are now under water, as well as some Roman roads, while 
no evidence of any corresponding subsidence or oscillations of level are 
discoverable on the site of the city of Naples, which is only four miles 
distant in a straight line. Analogous examples of upward and downward 
movements in other parts of the Mediterranean were cited, such as the 
sarcophagus of the Telmessus in Lycia, described by Sir Charles Fellows ; 
and the changes in Candia, recently established by Captain Spratt, R.N., 
who has ascertained that the western end of that island has been uplifted 
17 feet above its ancient level, while another part of the southern coast 
has risen more than 27 feet, so that the docks of ancient Grecian: ports 
are upraised, as well as limestone rocks drilled by lithodomi. At the 
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same time the eastern portion of Candia (an island about 200 miles long,) 
has sunk many feet, causing the ruins of several Greek towns to he 
visible under water. Looking beyond the limits of the Mediterranean, 
the buried Hindoo temple of Avantipura in Cashmere, with its 74 pillars, 
described by Dr. Thomson and Major Cunningham, were mentioned, and 
how their envelopment in lacustrine silt, at some period after the year 850 
of our era, had caused them and their statues to escape the fury of the 
‘Mahometan conqueror Sicander, who bore the name of the idol breaker, 
(Principles of Geology, 9th ed., p. 762.) The gradual subsidence of the 
coast of Greenland, and the elevation of a large part of Sweden, century 
after century, were also instanced; and lastly, the latest event of the 
kind, yielding to no other in the magnitude of its geological and geo- 
graphical importance, the earthquake of New Zealand, of January 234, 
1855. The shocks of this convulsion extended over an area of land and 
sea three times as large as the British Isles; after it had ceased, it was 
found that a tract of land, in the immediate vicinity of Wellington, com- 
prising 4600 square miles, or nearly equal to Yorkshire in dimensions, 

ad been upraised from one to nine feet, and a range of hills, consisting 
of older rocks, uplifted vertically, while the tertiary plains to the east of it 
remained unmoved ; so that a precipice, nine feet in perpendicular height 
was produced, and is even said to be traceable for 90 miles inland, from 
north to south bordering the plain of the Wairarapa. In consequence of 
a rise of five feet of the land on the north side of Cook’s Strait, near 
Wellington and Port Nicholson, the tide had been almost excluded from 
the river Hutt, while on the south side of the same straits in the Middle 


Island, where the ground has sunk about five feet, the tide now flows 
several miles further up the river Wairau than before the earthquake.* 


* Some memoranda respecting the changes in physical geography, effected during 
the earthquake of January 23d, 1855, will be found in the Appendix of a new 
work by the Rev. Richard Tayior, entitled “ New Zealand and its fahabitants,” Lon- 
don, 1855. These were furnished by Mr. Edward Roberts, of the Royal Engineer 
Department, who has since (March, 1856), on his return to London, communicated 
other particulars to Sir C. Lyell. Mr. Walter Mantell, also now in London, and 
who was in Wellington (New Zealand) during the shocks of last year, besides con- 
firming the statements of Mr. Roberts, has supplied valuable information respecting 
the geological structure of the country upraised or depressed during the catastro- 

he. The upheaval around Wellington was only from one and a half to four feet, 

t went on increasing gradually to Muka Muka Point, 12 miles distant, in a direct 
line to the southeast, where it reached its maximum, amounting to nine feet, and 
beyond, or eastward of which, there was no movement. Mr. Roberts was enabled 
to make these measurements with accuracy, as a white zone of rock, covered with 
nullipores just below the level of low tide, was upraised. 

The perpendicular cliff, at the point above mentioned, formed part of the sea- 
ward termination of the Rimutaka chain of hills, which consist of argillite (not 
slaty), of ancient geological date. Their eastern escarpment faces a low country, 
consisting of very modern tertiary strata, which also terminate When they reach the 
sea in a cliff, 80 feet high, and considerably lower than that formed by the older 
rocks. This tertiary cliff remained absolutely unmoved, the junction of the older 
and newer rocks constituting a line of fault, running north and south, for a great 
distance (according to a resident, 90 miles,) inland along the base of the hills, where 
rising abruptly they bound the low tertiary plains. A fissure open in part of its 
course, and in which some cattle were engulphed in 1855, marks the line of fault in 
many places. 

Among other proofs of subsidence experienced on the opposite side of Cook's 
Straits, or in the northern part of the Middle Island, contemporaneously with the 
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Sir Charles then alluded to his discovery, in 1828, of marine shells in 
voleanic tuff, at the height of nearly 2000 feet, in the island of Ischia; 
and to the exact agreement of these, as well as other fossil shells, since 
collected by M. Philippi, with species now inhabiting the Mediterranean. 
If the antiquity of such elevated deposits, when contrasted with those 
found during the last 2000 years in the neighborhood of the Temple of 
Serapis, be as great as the relative amount of movement in the two cases, 
or as 2000 is to 30 feet, it would show how slowly the testaceous fauna 
of the Mediterranean undergoes alteration: and therefore the naturalists 
ought not to expect to detect any sensible variation in the marine fauna 
in the course of a few centuries, or even several thousand years. 

In conclusion: the probable causes of the permanent upheaval and 
subsidence of land were considered—the expansion of solid rocks by 
heat, and their contraction when the temperature is lowered, the shrink- 
age of clay when baked, the excess in the volume of melted stone over 
the same materials when crystallized, or in a state of consolidation; and, 
lastly, the subterraneous intrusion of horizontal dikes of lava, such as 
may have been injected beneath the surface, when melted matter rose to 
the crater of Monte Nuovo, in 1538. A large colored section of a cliff, 
1000 feet high, at Cape Giram, in Madeira, was referred to as illustrating 
the intrusion both of oblique and horizontal dikes, between layers of vol- 
canic materials previously accumulated above the level of the sea, and 
after Madeira had been already clothed with a vegetation very similar to 
that with which it is now covered. The intercalation of such horizontal 
sheets of lava between alternating beds of older lava and tuff would up- 
lift the incumbent rocks, and form a permanent support to them; but 
when the fused mass cools and consolidates, a partial failure of support 
and subsidence would ensue. 

8. A Geological Reconnoissance of the State of Tennessee, being the 
Author’s first Biennial Report, presented to the thirty-first General Assem- 
bly of Tennessee, December, 1855; by James Sarrord, A. M., State 
Geologist, Professor of Natural Science in Cumberland University, Leba- 
non, Tennessee. 164 pp. With a colored Geological map of the State. 
Nashvilie, Tenn., 1856.—Prof. Safford is contributing much to our knowl- 
edge of the geology of Tennessee and its mineral resources. This bien- 
nial report is occupied mainly with the latter, taking up in order the 
ores of iron, copper, lead and zinc, gold, coal, marble, greensand, hydraulic 
limestone, ete. The last 40 pages are devoted to the geological structure 
of the State, under which the foldings, dislocations, and denudation of 
the rocks are briefly discussed, and the order and character of the rocks 
explained. We cite the following from pages 148, 149 and beyond. 


upheaval above mentioned, Mr. Roberts states, that settlers have now to go three 
miles farther up the river Wairau to obtain supplies of fresh water, than they did 
before the earthquake of January, 1855. There was no volcanic eruption in the 
northern island at the time of these events; but the natives allege that the tem- 
perature of the Taupo hot-springs was sensibly elevated just before the catastrophe. 
During a previous earthquake in 1832, other alterations in the relative level of 
land oad sea occurred ; and many of the colonists fear a repetition of such move- 
ments every seven years, for in 1848 there were violent convulsions. The larger 
, however, of New Zealand has not suffered any injury during the same period 
earthquakes. 


SECOND SERIES, VOL. XXII, NO. 61.—JULY, 1856. 17 
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Table of the Geological Formations of Tennessee. 


Post-rerT1ARY.—(14.) Alluvial Series—2. “Bottoms” of the Missis 
sippi; 1. Alluvial Bottoms of all the streams, and the gravel-beds of 
their channels, etc. 

(13.) The Bluff and Drift Series—3. Upper part of the Mississippi 
Bluffs; 2. The high gravel-beds in the vicinity of the East Tennessee 
rivers; 1. The gravel-beds of Hardin, Wayne, ? etc. 

Tertiary !—(12.) Lignite Group.—1. Lower part of the Mississippi 
Blufis—composed of sands, laminated clays, and beds of lignite, ete. 

Cretaceous.—(11.) Orange Sand Group.—4. The red ferruginous 
sandstone of the district; 3. The yellow and orange sands and stratified 
clays of the central part of the district; 2. The greensand of McNairy, 
etc.; 1. The clays and sands of Chalk-Bluff, in Hardin. 

Carponirerovs.—(10.) Coal Measures.—1. Shales, sandstones, and 
coal, of the Cumberland table-land. 

9.) Mountain Limestone —3. Limestone of the escarpments of the 
Cumberland table-land; 2. Limestone of Newman’s Ridge, Lookout 
Mountain, etc.; 1. Upper limestones of Montgomery, Dickson, ete. 

Lower Carsonirerovs.—(8.) Siliceous Group.—3. Calcareo-siliceous 
and flinty rocks of the Highland Rim of Middle Tennessee; 2. Sand- 
stones of Stone and Pine Mountains, in Hawkins; 1. Sandstones in front 
of Montvale Springs. 

(7.) Black Slate—3. Black slate along the eastern base of Clinch 
Mountain, ete.; 2. Slate of the Highlands of Central Middle Tennessee; 
1. Black slate of the Tennessee River Valley, west. 

Devonian Upper Siturtran.—(6.) Dyestone and Gray Limestone 
Group.—4. Limestones of the Harpeth and Tennessee Rivers, west ; 3. 
Limestone of Sneedville; 2. Shales, thin sandstones and dyestone of the 
base of the Cumberland, etc., East Tennessee; 1. Sandstones of Clinch 
and Powell’s Mountains: corresponding, in order, to Helderberg series, 
Niagara limestone, Clinton group, Gray Sandstone of New York. 

This is a protean group, provisionally adopted to include several dis- 
tinct formations. We apply in part the term dyestone to it, on account 
of the presence of this interesting iron ore among the strata of one of its 
divisions. Its rocks belong to the Upper Silurian and Devonian systems 
of geologists. 

In East Tennessee it is a group of sandstones, calcareous shales, in- 
cluding dyestone, and some limestone ; in Middle and West Tennessee, it 
is almost entirely limestone. 

In the former division, the following sub-groups occur : 

The Clinch Mountain Sandstone—This, several hundred feet in thick- 
ness, is a light gray, generally thick-bedded sandstone, abounding at 
many points in fucoids. It sometimes affords layers of conglomerate, 
the pebbles like small peas in size. The upper part at some points, in 
Hancock especially, is red and highly ferruginous. 

This sandstone is the great protecting rock of many high ridges in 
northern East Tennessee; it caps, and, in most cases, rests against the 
southeastern side of the Bay’s Mountain ridges, the Devil’s Nose, etc., in 
Hawkins, Clinch Mountain, Newman’s Ridge, Powell's Mountain, etc. 
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Its greatest development is perhaps in Clinch Mountain. In southern 
East Tennessee, it is uniraportant, and rarely seen. 

2. Shales, thin fine Sandstone, and Iron Ore—This member, two or 
three hundred feet thick at some points, is composed of variegated 
shales, often calcareous, and including thin layers of brown and gray 
fine sandstones, often beautifully ripple-marked. 

The dyestone is imbedded in the shales, and generally occurs in one 
or two layers, etc. All these strata contain organic remains. 

3. Sneedville Limestone —At Sneedville, and several other points in Han- 
cock and Claiborne, a band of gray limestone, which perhaps will be 
found to be from one to two hundred feet in thickness, rests upon the 
last member. It occasionally affords interesting beds of fossil corals. 


In Middle and West Tennessee, this formation is almost wholly gray, 
or bluish-gray, limestone. Some of its strata are blue, others reddish, 
and many of them argillaceous. 

It is wanting along the eastern slope of the Central Basin, but appears 
again along its western and northwestern sides. It is here generally less 
than fifty feet in thickness, though sometimes more. Going westward, it 
thickens rapidly, and, becoming several hundred feet thick in Hardin, 
Decatur, etc., occupies the valley of the Tennessee in those counties. 

Its lowest member is the hydraulic limestone of which we have spoken. 
It affords, too, the marble of Henry, Benton, etc. 

Lower Central Limestone and Shale Group.—. 
Caleareous shales of Bay’s Mountain, etc.; 4. Red sandy limestone of the 
Knobs in Monroe, McMinn, ete.; 3. Beds of variegated and gray marble 
in Hawkins, Knox, etc.; 2. Blue shelly-limestone of many valleys in 
East Tennessee; 1. Blue limestone of the Central Basin, Middle Tennes- 
see; corresponding in order to the Hudson River group, Trenton lime- 
stone, Black River limestone. 

The entire area within the Central Basin of Middle Tennessee is oc- 
cupied by nearly horizontal strata of blue limestones, in all, perhaps, from 
800 to 900 feet in thickness, which belong to this formation. 

They are easily divided into two nearly equal members, which we have 
called, respectively, commencing with he tooen the Stones River and 
Nashville sub-groups. 

1. The Stones River, or lower member, is a series of blue and dove-col- 
ored limestones, more or less cherty, not generally as argillaceous as 
those of the succeeding member, and often remaining thick-bedded 
when weathered ; it contains, however, several thin-bedded argillaceous 
divisions. 

2. The Nashville Member is blue argillaceous, more or less sandy, com- 
pact, and highly fossiliferous limestone, weathering, generally, into 
thin-bedded rough layers, often separated by seams of shaly matter. 

The marble of Franklin is a local stratum in the topmost part of 
this member. 

These two sub-groups are distinctly separated by fossiliferous charac- 
ters. The first is equivalent, generally, to the Black River groups and 
lower Trenton, and the second to the Hudson River group, Utica slate, 
and upper Trenton, of New York. 
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In the eastern portion of the valley of Hast Tennessee, the correspond- 
ing rocks swell out to double, or perhaps to more than double the thick- 
ness they have in the Central Basin. 

Here, too, they may be divided, generally, into two sub-groups, of 
which the Stones River and Nashville are the western extensions. 

1. The Lower Sub-group—five or six hundred feet thick—is a bed of 
blue, often knotty or spwumous, limestone, containing many fossil shells 
of species (Maclurea magna, Orthis deflecta, etc.) identical with those 
found in the Stones River sub-group. This division is often, in its 
lower part, interstratified with the gray magnesian limestone. 

2. The upper sub-group is mostly a vast bed of calcareous, and more or 
less sandy shales. These are developed on a great scale in the Bay's 
Mountain Ridges. They include, occasionally, thin layers of sand- 
stone, and are generally highly caleareous, having a sky-blue, rarely a 
dark-gray color, and weathering to a sandy gray or yellowish-gray, or, 
when more argillaceous, to a buff surface. The lower portion, es- 

ially in Sullivan and Greene, affords fine dark, or even black, argil- 
aceous shales, which form long and frequently isolated “slate ridges.” 

The topmost portion in Hawkins is often reddish. 

A great band of these calcareous shales extends from the group of 
mountains mentioned above, down through Jefferson, Sevier, Blount, 
etc., becoming, however, less important in its southern extension. 

The most characteristic fossi/s are the linear serrated corals, called 
Graptolitide by geologists. They occur (both Graptolites and Diplo- 
grapsus) nearly at all points. 

Among the shaly strata of this sub-group, especially in its lower 
portion, are several extensive interpolated beds, which have their maxi- 
mum development in different parts of East Tennessee. The most im- 
portant are the following: 

(a.) The gray marble, which lies at the base of the sub-group. 

(6.) The variegated marble, of which we have spoken. 

(c.) A dark gray, very ferruginous sandy limestone, with a red 
streak, and weathering into red ferruginous sandy and often porous 
masses. This bed, sometimes represented by many parallel ranges, 
commencing in Jefferson and Knox, extends to the Hiwassee, in the 
southeastern part of McMinn. It is heavily developed in Blount, Mon- 
roe, and McMinn, forming the red sandy “ knobs” of those counties. 

These beds are separated by shales, etc. Hereafter we shall present 
complete sections of them. 

Passing westward, the shales of the upper sub-group rapidly run into 
thin-bedded, argillaceous limestones, which, in the narrow valleys of the 
western portion of the valley of Hast Tennessee, are much like those of 
the Nashville series. 

(4.) Magnesian Limestone and Shale Group.—s. Limestone of Knox- 
ville; 2. Limestones and variegated shales of numerous valleys and 
ridges in East Tennessee; 1. Thin-bedded and many-colored sandstones 
of numerous sharp ridges in East Tennessee: corresponding to the Cal- 
ciferous sandstone of New York. 

This extensive formation—several thousand feet in thickness—pervades 
the greater part of the valley of East Tennessee. It is a great series of 
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sandstones, shales, and calcareous strata, but containing throughout more 

or less magnesian limestone. 

It consists of three members, or subordinate groups, as follows : 

1, The Sandstone Member.—This—the lowest sub-group, many hundred 

feet in thickness—is made up mostly of brownish-red, sometimes pale 
greenish, smooth fine thin sandstones, abounding in fucoidal remains, 
and occasionally approaching slate in character. The lower part of 
these thin sandstones, or slates, generally includes heavier layers of 

ay and variously colored sandstones, some of which are dark, others 
lighter with green points; some, too, fine-grained, others coarse and 
gritty. Occasionally, bands of dark gray magnesian limestone, and at 
some points calcareous slates occur, interstratified with the sandy layers. 
The hard sandstones of this member form many sharp, straght, roof- 
like, or “comby” ridges in East Tennessee. 

. The Shale Member—This is a heavy sub-group—many hundred feet 
thick—of brownish-red, greenish, and buff, or variegated soft slates 
or shales. It often contains seams and beds of blue oolitic limestone, 
abounding in the remains of Zrilobites, At some points the shales 
themselves furnish Tri/obites, as well as Lingule. This member occu- 
pies numerous vadleys, many of them rich and fertile, in East Tennes- 
see. Its superior part, interstratified with the blue oolitic and Trilobite 
limestone, gradually runs into the upper and following division. 

3. The Limestone Member.—This, too, is a heavy sub-group—perhaps 
not less than a thousand feet in thickness. It is generally heavy- 
bedded limestone throughout ; the lower part is blwe, often oolitic, and 
frequently striped with argillaceous seams; the middle strata are usu- 
ally dark gray, more or less sparry, and magnesian ; the upper, gray 
cherty and likewise magnesian. Such at least is its typical character ; 
at some points these subdivisions are not easily recognized. Knoxville 
is mostly located on the upper portion, and interesting sections are ex- 
posed with the limits of the city. Many of the rounded cherty ridges 
of East Tennessee are composed of the same rocks. 

(3.) Chilhowee Sandstones and Shales.—2. Quartzose sandstones of 
Chilhowee, of the French Broad River, etc., etc.; 1. Sandstones and 
sandy shales of Paint Mountain, etc.; corresponding to the lower beds of 
the Upper Mississippi. Age of the Potsdam sandstone, and often con- 
taining the Scolithus linearis of the New York beds. 

Metamorpaic.—{2.) Ocoee Conglomerates and Slates, (semi-metamor- 
phic.)\—3. Conglomerates and slates of the Ocoee River; 2. Semi-talcose 
slates of Monroe, Blount, etc.; 1. Conglomerate and slates of the French 
Broad, and of the mountains in Sevier. 

1.) Mica Slate Group—2. Mica slates of Ducktown; 1. Gneissoid 


rocks of Washington, Carter, and Johnson, ete. 

9. Fossil Fishes of the Carboniferous Strata of Ohio—Dr. J.S. New- 
berry has given descriptions of several new fossil Carboniferous fishes in 
the Proceedings of the Philadelphia Academy of Sciences, viii, 96. 

10. Cretaceous Fossils of Nebraska—Messrs. F. B. Meek and F. V. 
Hayden, M.D., have given in the Proceedings of the Academy of Sciences 
of Philadelphia for April, descriptions of many species of Cretaceous Mol- 
lusean fossils from Nebraska. 
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Ill. BOTANY AND ZOOLOGY. 


1. Journal of the Proceedings of the Linnean Society, London, Vol, 
I, No. 1, 8vo, 1856. (Longmans, & Williams and Norgate.)—The Lin- 
nean Society, awaking to renewed activity, proposes “to issue four num- 
bers annually, as nearly as possible at definite intervals, containing papers 
on Natural History read before the Society, and not inserted in its [4to] 
‘Transactions.’ The Zoological and Botanical papers will be separately 
paged, so that either section may be taken separately. The ‘Journal of 
the Proceedings’ for the present year will be sold to the public at 12 shil- 
lings for the entire Journal, or 8 shillings for either the Zoological or Bo- 
tanical section taken separately ; the separate numbers being charged 3s. 
for the whole, or 2s. for either section.” The first number was issued in 
March last. It contains for the botanical portion; 1. an extended paper, 
entitled, Remarks on the Botany of Madeira and Teneriffe, by Charles J. 
F. Bunbury. What appeared to the author as the most striking botani- 
cal features of these islands are summed up at the close, as follows :—of 
Teneriffe: (i.) “In the coast region, the remarkable forms of the Huphor- 
bia Canariensis, E. piscatoria, Kleinia neriifolia, and Plocama pendula ; 
the social growth of the Artemisia argentea, covering great spaces of 
rocky and stony ground with its whitish foliage; the conspicuous abun- 
dance (especially on the Orotava side of the Island) of cultivated Date 
Palms and Dragon-trees; and in the ravines, the striking and peculiar 
forms of shrubby species of Rumex, Echium, Solanum, and Sonchus. 
(2.) In the woody region, the prevalence of trees of the Laurel type of 
foliage; the vast extent of ground occupied by the Erica arborea, and the 
surprizing size to which it grows in favorable localities; the abundance 
of Ferns and Hypnoid Mosses in the more damp and shaded situations, 
and of Cistinee and Genistee on the dry and open grounds; and the 
noble form of the Canary Pine in the upper part of this zone. (3.) The 
great zone occupied by the Adenocarpus frankenioides above the region 
of trees, and that of the Cytisus nubigenus at a still higher level. 

“The striking botanical features of Madeira may be summed up thus: 

(1.) The tropical cultivation in the lower region, contrasted with the 
South-European or Mediterranean character of the native vegetation. (2.) 
The frequency, in that same region, of plants evidently or probably in- 
troduced, and belonging to very different countries. (3.) The abundance 
and variety of Ferns, more particularly indeed in the forest region, but 
also in the ravines at lower levels, and even down to the coast on the 
northern side. (4.) The great abundance of two large and conspicuous 
species of Sempervivum, especially in the ravines of the north side. (5.) 
The forests of Laurel-like trees; and (6.) The prevalence of Vaccinium 

padifolium, Erica arborea, and £. scoparia, not only as undergrowth in 

the forests, but almost entirely covering the upper mountain-region. The 
most remarkable negative characteristics of Madeira botany, as compared 
with that of Teneriffe, are, the absence of most of the peculiar and strik- 
ing forms belonging to the coast-region of the latter country, especially 
of the succulent Huphorbia, the Kleinia, and the Plocama ; the absence 
of Pines and Cisti, and the small number of shrubby Leguminosa.” 
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“The famous Dragon-tree of Villa de Orotava, so well known through 
Humboldt’s description,” Mr. Bunbury informs us, “is still in existence ; 
a ruin indeed, but a noble ruin. Its foliage is still fresh and vigorous; 
but the tree has been much shattered, and has lost many branches within 
the last few years; arid a gentleman who has long known it is of opinion 
that it will not last another century. By my measurement, the part that 
remains entire of the trunk is 30 feet round, that is, from edge to edge of 
the hollow, and the width across the hollow is 12 feet. This measure- 
ment was takerat 84 feet above the roots.” 

On some new species of Chamelanciee ; by Dr. C. F. Mutsner.— 
This curious and most elegant group of Australian Myrtaceous plants, of 
which only 10 species were known to De Candolle in 1828, and distribu- 
ted in five genera, is here brought up to 121 species, comprised in eleven 
genera. And two more species are added in the next paper, viz: 

Notice of two apparently undescribed species of Genetyllis; by R. 
Kirrist, with the first paragraph of which article the number closes. 
The second number, we learn, will contain a revision of Loganiacee by 
Mr. Bentham. 

The Zoological portion of the first number contains— 

(1.) On the Katepo, a supposed poisonous spider of New Zealand ; by 
Taos. SHerMAN Ratrn. 

(2.) Remarks on some habits of Argyroneta aquatica; by Tuomas 
Prest. L. 8. 

(3.) Catalogue of Dipterous Insects of Singapore and Malacca, by 
A. R. Wa.tace, with descriptions of new species, by Francis WALKER. 
4.) Note on a supposed new species of Pelopzeus ; by Eo>warp Newman. 
5.) On the Natural History of the Glow-worm; by the late Gzo. 
Newport. A. 

2. Origin of the Embryo in Plants.—Considerable progress has been 
made towards the settlement of the mooted points in embryogeny since 
this subject has been noticed in this Journal. The Schleidenian view 
was generally supposed to have been as nearly as possible disproved ; 
when, about a year and a half ago, Schacht made a remarkable commu- 
nication to the meeting of naturalists assembled at Berlin, which was 
afterwards published in the Regensberg Flora, and a French version of 
it was given in the Annales des Sciences Naturelles, vol. 3 of 4th ser., 
1855. Remarking that the theory which maintains that the embryo 
originates within the apex of the pollen-tube inserted into the nucleus of 
the ovule, had then scarcely any partisan besides himself, he states that a 
preparation had been made by a young naturalist, M. Deecke, of such a 
nature as to silence forever the adversaries of that view !—a preparation 
in which a pollen-tube, detached from the young ovule of Pedicularis 
sylvatica, showed that it had produced in its extremity a cell which was 
nothing else than the first cell of the embryo, thus “ putting an end to 
all discussion” on this hitherto controverted topic. Deecke had already 
ay a figure of his preparation in the Memoirs of the Natural 

istory Society of Halle, with a short account of it. Schacht, with his 
leave, now published another figure, which he pronounced to be “ rigor- 
ously exact.” This figure is reproduced in the Ann. Sci. Nat., above 
cited, along with others illustrating Schacht’s article; the whole of which 
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was afterwards appended to his Treatise on the Microscope, ed. 2, which 
is perhaps familiar to English readers in a translation made by Mr. Cur- 
rey, and published by Highley of London. 

Schacht’s statement immediately called out two notes, one by Hof- 
meister, in the Flora for the 7th May, 1855; the other by Mohl, in the 
Botanische Zeitung of the first of June; both are reproduced in the 
number of Annales des Sciences Naturelles, cited above. Both these ob- 
servers, after repeated examinations of the preparation in question, deny, 
in the most formal manner, that it shows what it was brought forward to 
prove, and also deny that Schacht’s figure of it is by any means a rigor- 
ously exact representation. Hofmeister further explains how Deecke and 
Schacht were, as he supposes, deceived by the appearance of the parts, 
To this Deecke has rejoined, in Bot. Zeitung, xiii, p. 657, (republished, 
with the figures, in Ann. Sci. Nat., vol. iv, [4th ser.] p. 58,) affirming the 
correctness of the figures in question, and that the preparation proves the 
embryo to originate from the pollen-tube. 

More recently, the able and indefatigable M. Tulasne, who made such 
capital embryological researches six or seven years ago, has returned to 
this subject ; and the results of a new series of investigations, relating to 
several families of plants, were presented to the Academy of Sciences in 
November last, and were published, the text in the Annales des Sciences 
Naturelles, 4th ser., vol. iv, p. 65, &c., and the twelve admirable plates 
in later numbers of that volume. Their results entirely confirm M. Tu- 
lasne in the views formerly sustained by him, namely, that the embryonal 
vesicle, or in other words the first cell of the embryo, or of its suspensor, 
does not make its appearance until the pollen-tube has reached the sur- 
face of the embryo-sac, and that it originates in connexion with the inner 
face of the embryo-sac, to which it adheres at + point opposite or near 
that to which the extremity of the pollen-tube is applied externally. 
This view, while it goes against the idea of preforfned free vesicles, loose 
in the sac, existing before anthesis or fecundation, and one of them, on 
being fertilized, becoming the embryo (which is the view of Brongniart, 
Mirbel, Amici, and especially of Hofmeister), and while it is strictly op- 

to the Schleidenian hypothesis,— i.e. that the pollen-tube itself 
comes or produces the ollve-at the same time offers a ready and 
probably a true explanation of the facts adduced by Schleiden, Schacht, 
&c., indicating that what the latter have taken for the pollen-tube alone, 
with its extremity transformed into the nascent embryo, may actually 
consist of a suspensor originating within the sac, in juxtaposition with 
the apex of the pollen-tube applied to it without. As the case now stands, 
it appears most probable that to M. Tulasne belongs the honor of having 
shown how the embryo of Phanerogamous plants originates. A. G. 

3. Sexual Reproduction in Alge.—Pringsheim’s interesting paper up- 
on the sexual fecundation and the germination of Algz, published in the 
Proceedings of the Royal Academy of Sciences at Berlin, and briefly re- 
ferred to in the number of this Journal for September last (p. 277), will be 
found in a French version in the Annales des Sciences Naturelles, ser. 4, 
vol, iii, p. 363, tab. 15. That the “horns” of Vaucheria act as antheridia, 
furnishing ‘ antherozoides’ which by penetration fertilize the spore while 
it is yet an amorphous mass, destitute of a cell-wall, is neatly shown. 
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He also maintains that the true fecundated spores of the Floridee are 
those of the conceptacles; while the tetraspofes belong to non-sexual 
reproduction, like that by buds. Bisexual reproduction is now known in 
every group of Alge except the Spirogyree and the Desmidiacee, in 
which spores are formed by conjugation, and in Oscillaria and its allies. 
A. G. 

4. Martius: Flora Braziliensis: Fasc. xv, Sept. 1855.—This new part 
comprises, (1.) the Alstreemeriew, by A. Schenck, of Wiirtzburg, with 2 
plates; (2.) the Agave, by Prof. von Martius himself, with a complete 
bibliography of Agave Americana, a detailed account of the uses to which 
ithas been applied and of the products it yields; also an excursus on 
other Brazilian plants which furnish fibrous textile materials, all imbued 
with the profound learning and the large and genial views which dis- 
tinguish this eminent naturalist. (3.) The Xyridea, Mayaceew, and Com- 
melinacee, by Prof. Seubert of Carlsruhe, with 16 plates. And lastly 
there are 7 additional Tabula physiognomice (tab. 42-48), of much 
interest and beauty, with four more pages of explanatory letter-press rela- 
ting to this part of the work. These plates, with the accompanying 
text, will at length form a volume by itself, of unusual interest; one in 
which the peculiar powers of Dr. von Martius’ philosophical and exuberant 
mind, richly stored with the most various learning, as well as his almost 
unrivalled talents and advantages as an observer, are shown to great 
advantage. 

The retirement of Dr. von Martius from the botanical chair, and from 
the administration of the Botanical Garden at Munich,—relieving him 
from many distracting labors and cares, begins to show good results, in 
the more energetic prosecution of the flora of the great empire of Brazil, 
—a work which we ardently hope the distinguished author may live 
fully to complete, and in the same thorough manner in which it has thus 
far been carried on. We have perused with great satisfaction M. De- 
Candolle’s genial and instructive Notice sur la Vie et les Ouvrages de 
M. de Martius: publiée a Toccasion de sa retraite des functions actives 
de l'enseignement, in the Bibliotheque Universelle ; and are prevented 
from republishing it in this Journal for want of room; and partly also 
from the consideration that the time most proper for even so well-deserved 
an eulogy has not arrived while the subject of it is yet, as we trust, only 

‘midway in his high scientific career. A. G, 

5. Francois André Michauz, the veteran author of the North Ameri- 
can Sylva, died suddenly of apoplexy, in November last, at his residence 
near Pontoise, France, aged about 86. There yet survive some in this 
country to whom he was personally known, either in his first visit, in 
1802, or in his second, in 1806, during which he travelled widely over 
the United States, and collected the materials of the work which has as- 
sociated his name for all time with the trees of North America. It is 
interesting to know that he preserved his strength and activity to the 
last; even the last day of his life was in part devoted to planting in his 
grounds American trees of his own rearing. He was accustomed to walk 
from Pontoise up to Paris, a distance of nineteen miles, and back again 
the same day, at least once every month, even within the last year. The 
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writer of this notice had the pleasure of passing a day with him, a few 
years ago, at the house of a common friend, and retains a vivid recollec- 
tion of the tall form of this octogenarian, perfectly unbent by age, of his 
corporeal vigor, still equal apparently to that of most men of half his 
years, and of his vivacious and instructive conversation, which exhibited 
no decline of mental power, much of it carried on, with remarkable cor- 
rectness and facility on his part, in a language which he can have had 
little occasion to use for almost half a century. A. G, 
6. Prof. Wm. H. Harvey.—The numerous friends of this distinguished 
botanist in this country will be pleased to learn that, during his _still-pro- 
longed absence upon his Australian and South Pacific explorations, he 
has been elected to the chair of Botany in Trinity College, Dublin, va- 
cated last year by the translation of Professor Allman to the University 
of Edinburgh. A. G. 


7. On three new Ferns from California and Oregon; by Danret C. 
Eaton.—(1.) Polypodium pachyphyllum. Coriaceum late ovatum fere 
ad rachim pinnitifidum, laciniis oppositis glabris lineari-oblongis, margine 
crassiore ac stramineo, obtusis crenatis ad basim angustioribus, inferiori- 
bus minoribus disjunctis basi inferiori cuneatis, superioribus fructiferis, 
rachi stipitique nudis stramineis crassis, costa prominente, venulis 4-5 
frequenter sub margine anastomosantibus infima sorifera, soris margine 
remotis magnis rotundis state confluentibus. 

Hap. On trees, sometimes 150-200 feet from the ground, near Fort 
Orford, South-western Oregon. Lieut. A. V. Kautz, U.S. A. 

Rootlets aerial, frond very thick, evergreen, 12-15 inches high, and 
nearly half as wide. 

(2.) Polypodium Glycyrrhiza—Peilucidum membranaceum, fronde 
lato-lanceolata profunde pinnatifida, laciniis alternis glabris lineari-lanceo- 
latis in longum acumen productis acute serratis ad basim dilatatis, rachi 
pallida gracili, venulis 3—4 liberis infima sorifera, soris liberis rotundis 
margine remotis. 

Has. On trees in South-western Oregon. Lieut. A. V. Kautz, U.S.A. 

Rootlets aerial, having a sweet flavor like that of liquorice, frond an- 
nual 12~18 inches high, 4—6 inches wide. 

(3.) Allosorus mucronatus.—Cwspitosus coriaceus triangulari-ovatus 
bipinnatus, pinnis sub-oppositis, pinnulis mucronatis inferioribus trifoli- 
atis, sterilibus planis ovatis, fertilibus angustis margine revolutis, rachi 
rigida purpurascente, caudice denso paleis linearibus obtecto. 

Has. Clefts of rocks in the hills near the bay of San Francisco, Cali- 
fornia. Major A, B. Katon, U.S.A. 

Fronds 2-6 inches high, 6-20 lines wide. A. andromedafolius is 
larger, and has emarginate pinnules and a creeping caudex. 

8. On a new species of Dinornis ; by Prof. Owen, (Proc. Zool. Soc., 
Atheneum, No. 1485.)—Mr. W. Mantell having provisionally depos- 
ited the large collection of fossil bones, with which he has returned from 
New Zealand, in the British Museum, the Keeper of the Mineralogy re- 
quested Prof. Owen to determine the bones and classify them according 
to their species, in the course of which work the Professor has found the 
remains of a species of large wingless bird, hitherto undescribed and un- 
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known to science. Of this species, which on account of its extraordinary 
roportions, he proposes to call Dinornis elephantopus, or the elephant- 
footed dinornis, Prof. Owen has recomposed one entire limb, including 
the femur, tibia and fibula, tarso-metatarsus and the phalanges or toe- 
joints complete of each of the three toes. The descriptions and compari- 
sons of these bones formed the subject of his present communication to 
the Zoological Society. The anatomical details were minutely entered 
into, the general result being that, whereas the bones of the leg equalled 
or surpassed in strength and thickness those of the Dinornis giganteus, 
they were much shorter, the metatarse being only half the length of that 
bone in the giant species. The elephant-footed wingless bird must have 
resented the most massive frame of any known species of its class. Its 
fimbs, from the indications of the muscles inserted into the bones, must 
have been proportionally much shorter, more powerful, and more bulky 
than in any other bird. From the Getails of the tables of comparative 
admeasurement we select the following :—Dinornis elephantopus, length 
of the thigh-bone (femur), 13 inches; breadth of its upper end, nearly 
6 inches; length of the leg-bone (tibia), 2 feet; breadth of its upper 
end, 74 inches; length of the ancle-bone (metatarsus), 94 inches; breadth 
of its lower end, 54 inches; least circumference, 64 inches. The length 
of the metatarsus in the Dinornis giganteus is 184 inches, the breadth of 
its lower end 54 inches. The bones of the above defined extraordinary 
new species of Dinornis are in the most perfect state of preservation. At 
the present stage of his examination of Mr. Mantell’s collection, Prof. 
Owen suspects that it may include an almost entire skeleton of the bird, 
to the reconstruction of which in our national museum he looks forward. 
The author believes that the original range or locality of the Dinornis 
elephantopus was a limited one, unless at the period when the species 
flourished the geographical character of the middle island of New Zea- 
land was widely different from what it now is. No trace of this species 
of Dinornis had ever reached the Professor from any of the numerous 
localities in the north island, from which remains of many other extinct 
wingless birds had been from time to time transmitted to him, nor had 
Mr. W. Mantell ever found bones of the Dinornis elephantopus, except at 
one locality of the middle island, viz., at Ruamoa, three miles south of 
= point called First Rocky Head in the new Admiralty map of the 
island. 

9. A new species of Turkey from Mexico ; (ibid.)}—Mr. Goutp exhib- 
ited a specimen of turkey which he had obtained from Mexico, and which 
differed materially from the wild turkey of the United States. At the 
same time this turkey so closely resembled the domesticated turkey of 
Europe that he believed naturalists were wrong in attributing its origin 
to the United States species. The present specimen was therefore a new 
species, and he proposed to call it Meleagris Mexicana, which, if his 
ee was correct, must henceforth be the designation of the common 
turkey. 


q 
| 
| 
4 
4 
4 
| 
. 
ne 


Miscellaneous Intelligence. 


Iv. ASTRONOMY. 


1. New Planets.—The 38th asteroidal planet is named Leda, and the 
39th is Letitia, A fortieth asteroidal planet was discovered by M. Her- 
mann Goldschmidt, at Paris, March 31, 1856. Its appearance was that 
of a star of the 9-10th magnitude, and its place March 31, 1856, 10h 5m 
m. t. Paris, was R. A. 13> 18™ 30, and S. Decl. 0° 2’—Gould’s Asir, 
Journal, No. 92. 

2. Elements of the Planet Leetitia, (39.}—The following elements of 
Letitia are computed by Mr. George Riimker from three normal places, 
Feb, 9°0, March 3°5 and March 26°5. 

Epoch, 1856, April 0-0. 

Mean anomaly, - - - 165° 25’ 48’"8 ) Mean Eqx. 
Long. of perihelion, - 0 39 44° 1856.0. 

ase, node, - 157 23 40 
Inclination, - 10 28 9°: 
Angle of excentricity, - 6 40 54° 
Log. semi axis-major, - 0°442181 

Gould’s Astr. Journal, No. 92. 


V. MISCELLANEOUS INTELLIGENCE. 


1. Ozone, (L’Institut, No. 1169.)—M. Scovrerren hae reported the 
results of some experiments showing that atmospheric ozone is formed 
—Ist, by the electrization of the oxygen secreted by plants; 2d, by the 
electrization of the oxygen that escapes from water; 3d, by the electri- 
zation of the oxygen disengaged in chemical changes; 4th, by electric 
phenomena acting on the oxygen of the atmosphere. He states that in 
a series of experiments varied and frequently repeated, he has found that 
plants as well as water furnish ozone constantly to the air during the day; 
that this phenomenon ceases during the night, and also when the plants 
or water are removed from the action of direct light ; that the action is 
suspended even by a diffuse light; that ozone is not produced if the water 
has been boiled and distilled, neither if the plants are put into this boiled 
water; and this holds if the water is ordinary boiled water, not distilled, 
if a film of oil be added to prevent the absorption of atmospheric air. 
Moreover ozone is formed also when the water or the plants are enclosed 
in a glass globe suspended by a silk cord far above the ground. 

He further announces that he is able to demonstrate by rigorous ex- 
periments that nascent oxygen is ozone, and that it is owing to the prop- 
erties which oxygen acquires by positive electrization that it can form 
combinations which are umpossible with ordinary pure oxygen ; and also 
that ozone forms in the atmosphere under the influence of electric cur- 
rents, continued and invisible, or by a succession of more or less powerful 
sparks. The last has been mentioned by many observers. 

Atmospheric ozone, according to M. Wolf, of Berne, is the cause of dis- 
ease. He has already noted that in 1855, there was a remarkable paral- 
lelism between the variations in the quantity of ozone and the intensity 
of an epidemic dysentery at Berne during the months of August and 
September. The energy of the epidemic appeared to him to have aug- 
mented or diminished with the quantity of ozone. 
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2. On Ozone in the Atmosphere ; by W. B. Rocxrs, (Proc. Bost. Soc. 
Nat. Hist., v. 319.)—In making his observations, Prof. Rogers uses the 
prepared paper and scale of colors of Schénbein’s Ozonometer, which, 
although imperfect as a means of comparison, is the best for practical 
use yet devised. The slip of paper is suspended out of doors in a box 
open only at the bottom, so as to be shielded from the rain and snow, and 
from strong light, at the same time that it is freely exposed to the air. 
Usually, it is allowed to remain in this position for ‘twelve hours, when it 
is removed for observaticn, and a fresh slip substituted ; but when there 
are indications of a great prevalence of ozone, the test is examined, and 
renewed at shorter intervals. 

On comparing the recorded observations for the past six weeks, Prof. 
Rogers has been struck with what seems to be a fixed relation between the 
direction of the aerial current and the amount of ozone prevalent at the 
time. As long as the wind continued to come from Eastern or South- 
ern points, he found the ozone to be nearly or quite absent, but when- 
ever the current has changed to West or Northwest, the test-paper un- 
failingly indicated its presence in considerable force. The rapidity and 
amount of this effect has always been greatest when the wind has hauled 
suddenly to West and North, and has blown violently, but it has contin- 
ued to manifest itself, although with slow abatement, as long as the cur- 
rent held from this quarter. 

To illustrate this effect, Prof. Rogers referred to examples within the 

resent month, (February.) Thus, on the 11th, the wind being light 
om WbyS and SW, there was no indication of ozone, and during 
the morning of the 12th, the wind continuing from the same general 
quarter, furnished a like negative result. About 1 p. m., however, the 
current changed suddenly to NW, with a snow squall, after which it 
continued to blow in gusts in the same direction until late at night. Two 
hours after this change, viz: at 3 p. M., the test-paper was found to be 
charged with ozone to the amount of 4% of the maximum of Schén- 
bein’s scale, and at 10 Pp. M., a second paper which had been freshly sub- 
stituted for the former, gave 38. Again, on the 15th and 16th, the wind 
blowing from S, and Sby W, showed no ozone; retaining the same 
general direction through the night of the 16th, and part of the following 
morning, it gave a like negative result. About 11 a. m. of the 17th, the 
wind hauled towards West, and about 1 Pp. m., it began to blow stron 
from WbyN, after which it continued gusty from this quarter and N 
until late next day. The test-paper hung out at 9 a.m, of the 17th, 
was found at 1 p. m., or two hours after the change, to present ozone 
amounting to 3, ; and another substituted at that time, showed at 5 Pp. m., 
or five hours after, a change measuring more than 45. 

Although the observations thus far made have indicated the prevalence 
of ozone in connection with winds from W and NW, and its absence 
in the case of those moving from the opposite quarters, they have been 
continued far too short a time, and have been too local, to warrant any 
positive inference of a general kind. The development of ozone in the 
air being probably dependent on temperature, relative dryness, solariza- 
tion, electricity and other physical conditions which are perpetually 
changing, we cannot hope to read precise laws in regard to its production 
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and disappearance without long-continued and varied observations. Yet, 
from the marked contrast in respect to moisture, and other properties be- 
tween our great continental and our oceanic winds, it seems not improba- 
ble that some such opposite relations to ozone as above indicated may be 
found actually to obtain. 

3. The Tides at Ponape, or Ascension Island of the Pacific Ocean— 
lat. 6° 55’ N, long. 158° 25’ E; by L. H. Guuicx, M. D., (communicated 
for this Journal.)—This island rests under the opprobrium of seamen 
for having tides scarcely at all conformed to those of other lands, and 
governed by no apparent laws. It is easy however to prove that the 
tides of Ascension Island conform more nearly to the requisitions of the 
Newtonian theory than those of many other portions of our globe. 

I would first direct attention to the fact that this island is situated far 
from any body of land, or even of extended reef, which might have de- 
flecting and perturbing influences on the tidal waves. A glance at the 
map, shows that the few coral groups, east and west, could not have as 
much effect on the tide waves of this part of the ocean as so many posts 
set up in the channel of the Mississippi would have on the current of that 
river. True, each post would create its own immediate ripples and slight 
eddies ; but the pouring flood would not thereby be in the least affected. 
This “ Micronesian” portion of the Pacific, extending from the Mille Isl- 
ands to Pelew, has to the East of it the most extended open ocean in the 
whole circumference of the globe, with the exception of a line in the 
Southern Hemisphere ; so that if the tides ever conform to the attractive 
powers of the sun and moon, they should here. 

It is interesting also to notice the fact that the natives of this island 
know well the tidal laws, (though, of course, not their rationale) and by 
the appearances of the moon can determine before hand all the most 
important changes it undergoes; and that they have also many fixed 
terms for the different times and depths of tide. 

In accordance, therefore, with the usual law, our spring tides come at 
the syzygies. The tides in general lag about 30° behind the time of the 
luminaries’ reaching their meridians. At the full and change, the tide is 
invariably highest at about 2 o’clock of morning and evening—which 
is therefore the “ Establishment” for this island. When the moon is in 

uadrature we familiarly say we have “half tides”, with but little varia- 
tion, though there is always a small lunar tide at about 8 a. M. or P. M, 
and often there are several slight perturbations in the course of a few 
hours, that seem anomalous, but can well be referred to the various acci- 
dental causes from winds and currents that may readily affect the waters 
while other influences upon them are so nearly neutralizing each other. 
As usual, every alternate tide is the highest ;—in summer, when the sun 
is in northern declination, the night tides are the largest, and in winter, 
the day tides. The height of the highest spring tides is about five feet. 

The presumption is very probable that the tides are equally uniform 
through the most if not all of the Micronesian Islands. It is much to be 
desired that reports should be made and published by the intelligent mis- 
sionary observers now occupying several points in these ranges, so that 
we may soon have an accurate map of co-tidal lines for Micronesia, if 
not for Polynesia and all Oceanica. 
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4. Ona peculiar case of Color Blindness ; by Joun Trwnvatt, F.RS., 
d&c., (Phil. Mag., May, 1856.)—A case of color blindness has been re- 
cently brought under my notice by Mr. White Cooper, of so singular a 
character that I think even the brief description of it which the pressure 
of other duties permits me to give will not be without interest to the 
readers of the Philosophical Magazine. 

Out of eleven hundred and fifty-four cases examined by Dr. George 
Wilson of the University of Edinburgh, and recorded by him in his truly 
interesting and valuable work on Color Blindness, only one instance was 
found in which the sufferer was aware of the loss he had sustained. 
This was the case of a medical practitioner in Yorkshire, who in Novem- 
ber, 1849, was thrown from his horse. “ After rallying from the collapse 
which immediately succeeded the accident, he suffered from severe pain 
in the head, delirium, mental excitation approaching almost to mania, 
loss of memory, and other symptoms of cerebral disturbance. .. . . On 
recovering sufliciently to notice distinctly objects around him, he found 
his perception of colors, which was formerly normal and acute, had be- 
come both weakened and perverted, and has since continued so. ... . 
Flowers have lost more than half their beauty for him, and he still recalls 
the shock which he experienced on first entering his garden after his re- 
covery, at finding that a favorite damask rose had become in all its parts, 
petals, leaves, and stem, of one uniform dull color; and that variegated 
flowers, such as carnations, had lost their characteristic tints.” 

The ease of Captain C., which I have to describe, is one of these rare 
instances. The sufferer is a seaman, and ten or twelve years ago was ac- 
customed, when time lay heavy on his hands, to occupy it by working 
at embroidery. Being engaged one afternoon upon a piece of work of 
this description, and anxious to finish a flower (a red one, he believes), he 
prolonged his labors until twilight fell, and he found it difficult to select 
the suitable colors. To obtain more light he went into the companion, 
or entrance to the cabin, and there continued his needlework. While 
thus taxing his eyes, his power of distinguishing the colors suddenly van- 
ished. He went upon deck, hoping that an increase of light would re- 
store his vision. In vain. From that time to the present he has remained 
color blind. 

My first examination of Captain C. took place in the house of Mr. 
Cooper. Being furnished with specimens of Berlin wool, such as that 
with which the patient had been accustomed to work, I placed before 
him a skein which he at once, and correctly, pronounced to be blue. For 
this color he has a keen appreciation, and | have never known him make 
a mistake regarding it. Two bundles of worsted, one a light green and 
the other a vivid scarlet, were next placed before him: he pronounced 
them to be both of the same color; a difference of shade was perceptible, 
but both to him were drab. A green glass and a red glass were placed 
side by side between him and the window: he could discern no difference 
between the colors. A very dark green he pronounced to be black; the 
purple covering of the chairs were also black; a deep red rose on the 
wall of the room was a mere blotch of black; fruit, partly of a bright 
red and partly of a deep green, were pronounced to be of the same uni- 
form color. A cedar pencil and a stick of sealing-wax placed side by 


. 
a 
3 
= 
4 
4 
4 
q 
4 
4 
a 
J 


144 Miscellaneous Intelligence. 


side were nearly alike; the former was rather brown, the latter a drab, 
Time, I found, made a difference :. slate color and red were placed side by 
side; on first looking at them Captain C. thought them different shades 
of the same color, but after looking at them for half a minute even this 
difference of shade disappeared. By the production of subjective effects, 
such as looking long at an object through a colored glass, and then re- 
moving the latter, his judgment of colors could also be made to vary in 
a slight degree. 

My second examination of Captain C. took place in the theatre of the 
Royal Institution; and on the day he called upon me I happened to be 
using the electric light, rendered continuous by Duboseq’s lamp. A  por- 
tion of the light was permitted to pass through a bright green glass and 
was received upon a screen; no change of color was perceived: the space 
on which the green light fell was merely a little less intensely illuminated 
than the remaining portion of the screen. Lycopodium was shaken upon 
glass: the electric light looked at through such a glass gives, as is known, 
a series of brilliantly colored rings: to Captain C., however, no color was 
manifest, merely light and obscure rings following each other in succes- 
sion. A spectrum was cast upon the screen in which all the prismatic 
colors shone vividly ; to Captain C. only two colors were manifest, namely, 
blue and whitish-yellow. The outline of the spectrum was the same to 
him as to me; all that gave me light gave him light also; but in his 
case, the red, orange, and green were so modified as to produce the uni- 
form impression of whitish-yellow. In some cases of color blindness, 
where the sufferer confounds red with green, it is difficult to say whether 
he takes the red for a green or the green for a red. In the present case 
neither of these expresses the fact; neither red nor green is seen, but 
both of them are reduced to a color different from either. 

Captain C. assured me, that, previous to the circumstance related at 
the commencement, he was a good judge of colors, so that in pronounc- 
ing upon any color he has an aid from memory not usually possessed by 
the color blind. Indeed I had myself an opportunity of reviving his im- 
poe of red. A glass of this color was placed before his eyes while 

e stood close to the electric lamp: on establishing the light, he at once 
exclaimed, “that is red!” He appeared greatly delighted to renew his 
acquaintance with this color, and declared that he had not seen it for 
several years. The glass was then held near the light while he went to 
a distance, but in this case no color was manifest; neither was any color 
seen when a gas-lamp was regarded through the same glass. The intense 
action due to proximity to the electric light appeared necessary to pro- 
duce the effect. “You gave the eye a dram,” observed a gentleman to 
whom I described the case: the figure appears to be a correct one. Cap- 
tain C.’s interest in this experiment was increased by the fact, that the 
Portland light, which he has occasion to observe, has been recently 
changed from green to red, but he has not been able to recognize this 
change. The fare in the fore-cabin of a vessel of his own which he now 
commands happens to be sixpence, and he is often reminded by the pas- 
sengers that he has not returned their change. The reason is, that he 
confounds a sixpence with a half-sovereign, both being to him of the same 
color. A short time ago he gave a sovereign to a waterman, believing it 
to be a shilling. 
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It was my intention to make a guess at the cause of color blindness in 
the case above described; but guesses, without the means of verifying 
them, are so unsatisfactory, and so apt to produce fruitless discussion, that 
for the present at least I will confine myself to the statement of the facts. 

Two other cases of a different nature were also brought under my no- 
tice by Mr. Cooper, and may, on account of their rarity, be worthy of a 
brief reference. 

The first is that of a little girl, about seven years old, the development 
of whose eyes had been arrested before birth. The child’s sight, however, 
though imperfect, was sufficient to enable her to distinguish colors with 
accuracy. When the spectrum was displayed before her, she ran her 
fingers promptly over the colors and named them correctly. She could 
also read large print. The phenomena of irradiation presented them- 
selves to her as they did to me; an incandescent platinum wire became 
thicker as she receded from it. As far as I could judge, the retina was 
perfectly healthy. I placed her within a foot of the coal-points of the 
electric lamp, and establishing the current, allowed the full splendor of 
the light to fall upon her eyes: she never even winked, but looked steadily 
into the light, and stated that she did not feel the slightest inconvenience. 
This perhaps was due to the partial opacity of the humors of the eye. 
The position of the iris in her case was marked by a few gray spots, and 
the pupil had no definite boundary. The eyes were, as might be expected, 
out of all proportion with the growth of the child: the arrestation of 
development extended to the teeth also, which caused the child to appear 
much older than she really was. She was very intelligent; and her 
mother, who accompanied her, was a healthy intelligent woman, with 
fine brown eyes. She stated to me, that neither in her own nor her hus- 
band’s family did a case of the kind ever occur; and yet she had four 
children, and the whole of them, without exception, were afflicted in a 
similar manner. 

The second case is that of a distinguished artist, also sent to me by 
Mr. Cooper. Several months ago he noticed, on looking at any distant 
point of light, a whitish luminosity spreading round the point, and first 
observed this appearance on the occasion of rubbing his right eye some- 
what severely. As time advanced, the luminosity merged into a series of 
colored rings which encircled the luminous point; and as these were be- 
coming brighter and larger, his fears of the ultimate blindness of the eye 
became excited. He had consulted several eminent oculists, and had, I 
believe, been subjected to severe treatment, on the supposition that the 
retina was the seat of the malady. The colored curves were not perfect 
circles. I placed Mr. 8. upon his knees on the floor, and caused him to 
look upward at the electric lamp: in this position the upper portion of 
the pupil was shaded by the eyelid, and the colored rings totally disap- 
peared. I then caused him to stand upon a table and to look down upon 
the lamp: in this position the under portion of the pupil was shaded by 
the lid, and the colors were displayed in all their brilliancy. Mr. 8.’s 
left eye was totally free from all defects of this kind. I shook a little ly- 
copodium on glass, and presented it before his left eye. The system of 
rings this revealed to his good eye was precisely similar to those pre- 
sented to the other. The espations rings were smaller, but in other 
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respects the same as those of the right eye, with the exeeption of the 
divergence of the latter from the circular form mentioned above. I ven- 
tured to express my doubts to Mr. S. as to the retina being the seat of 
the disease, and to comfort him with the hope that the augmentation of 
the rings in brilliancy and magnitude pointed rather to the diminution 
than to the increase of malady. I will leave it to physiologists to say 
what possible particles within the humors of the eye could act the part of 
the spores of lycopodium without the eye; but I entertain very little 
doubt that it is from the presence of such particles, a thin film, or some 
equivalent optical cause, and not from any affectionsof the retina, that 
the effects observed by Mr. S. arise. If this be the case, it simply shows 
how necessary a knowledge of physics is to medical men. I now regret 
that want of time prevented me frem entering further upon the examina- 
tion of the case last referred to. 

With reference to the case of Captain C., Mr. Cooper makes the fol- 
lowing remarks :—“ In this case the symptoms are clearly referable to the 
intense strain to which the eyes were subjected for a long period, and un- 
der unfavorable circumstances—a strain beyond endurance, and which 
seems to have deprived the retina of the power of appreciating impres- 
sions. Such a condition is little amenable to treatment. After the Great 
Exhibition of 1851, instances came under my notice in which the sensi- 
bility of the retina was temporarily blunted by the excitement to which 
it was exposed in that brilliant scene. Here the sensibility to impressions 
of colors was only suspended, and gradually returned; but it is to be 
feared, that, in the case narrated by Professor Tyndall, it may be regarded 
as extinguished: the vibrations of the colored rays produce no responsive 
action in the nervous fibrillz.” 

5. Information to Students visiting Europe, (in a letter to the Editors 
from Paris, France, dated March Ist, 1856.)—As much time is lost by 
many American students who come abroad for the purpose of pursu- 
ing scientific studies from not knowing exactly to what point first to 
direct their steps, will you permit one of your old friends and readers to 
give some of the results of his own observations in regard to the scientific 
advantages of Europe, and especially of this great Capitol. Leaving 
home without much accurate information in regard to the different schools, 
and the times at which Lectures commence, two or three months may be 
lost by the student in visiting Edinburgh, London, and the German Insti- 
tutions, before he arrives at Paris and finds that this is the great scien- 
tific as well as the political and fashionable centre of Europe. There is 
indeed at London an excellent school of science the Museum of Economic 
Geology in Jermyn St. But the lectures are not arranged in such a way 
as to be most advantageous to a student who starts from home already 
——v well acquainted with the general principles of the scienzes 
which he wishes to study. The winter course commences with lectures 
on Chemistry and Metallurgy combined with laboratory practice about 
the 1st of October. But the Lectures on Mineralogy and Geology do not 
begin till the middle of February. The expense of living in London is 
also great, and at the school the charges though not high for a British 
Institution will make quite a serious inroad upon the purse. Thus every 
course of lectures costs the occasional student $20, and the use of the 
laboratory $50 per term of three months. If this is no objection, the 
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student will find here, an admirably well conducted laboratory, and if he 
desire to confine his attention to chemistry alone, perhaps he could not 
do better than to remain in London, as there is no city in the world where 
this science is pursued with more ardor and success, and he will moreover 
have the further opportunity in the course of a winter’s residence of hear- 
ing the lectures of many celebrated men, such as Mr. Faraday, Mr. Brande, 
Prof. Miller, and others. But if he design to pursue Mineralogy and Ge- 
ology also, the student will observe that the lectures on these subjects do 
not begin till the middle of February, and thus much time will be lost. 

In Germany he will find particular schools celebrated for this or that 
speciality in science, but hardly any, where all are taught by men of 

ual ability. 

“to ine tn his command scientific advantages, facilities of all kinds 
during the whole of the winter, it is advisable for the student to come at 
once to Paris. The French are eminently eclectic. Without always 
taking the lead in the path of discovery, they have yet a wonderful talent 
for system and arrangement, and a most happy and lucid way of commu- 
nicating their knowledge: this is a national characteristic. It is stamped 
upon their language, and accounts for the great superiority of their text- 
books, compared with those of all other people. No where in the world 
ean there be found as clear and lucid an exposition of the principles of 
all the sciences as at Paris. 

Let the student arrive about the Ist of November in a Havre Packet, 
and establish himself in comfortable lodgings, somewhere on the south 
side of the Seine, in the neighborhood of the great schools. These may 
be had with board, for $5—7 per week. On or about the 15th of Novem- 
ber, lectures begin at the “ Ecole des Mines,” the “Sorbonne,” the “ Jardin 
des Plantes,” a little later at the “Conservatoire des Arts et Metiers,” 
and the “Collége de France.” The Ecole des Mines has many of the 
most celebrated men among its professors, and its course it is well known 
is most thorough and exact; but admission to it is not always easy, and 
the student should not attempt it, unless he proposes to remain for the 
whole term of three years. It is perhaps also a better place to become 
acquainted with practical mining, than to acquire a knowledge of general 
a and a liberal scientific training. Let the student rather attach 

imself to particular schools for particular studies. For Analytical Chem- 
istry, let him enter some one of the excellent private laboratories, of 
which he will see notices pasted up all over this part of Paris, and at 
the same time follow the lectures of M. Balard, the celebrated discoverer 
of bromium, and an admirable lecturer, or those of his colleague, M. 
Dumas at the Sorbonne. For Agricultural Chemistry let him resort to 
M. Boussingault, at the “Conservatoire des Arts et Metiers.” On par- 
ticular subjects he will find admirable lectures at the Collége de France, 
like those of M. Déville, this winter on volcanoes. If he wish to acquire 
a thorough knowledge of rocks and minerals, let him follow the lectures of 
M. Cordier and Dufrénoy respectively at the Jardin des Plantes, or rather 
let him follow the “Cours Pratiques d’Histoire Naturelle” of the Garden, 
conducted by the Assistant Professor of this magnificent establishment, 
and which promises to become one of the most important of the scientific 
advantages of Paris, especially to foreigners. Indeed it is to the Jardin 
des Plantes, that the student must chiefly resort for a combination of all 
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the facilities required for the successful study of the natural sciences. We 
are apt to suppose in America that it is nothing more than a great botan- 
ical and zoological garden. This is a mistake, its true name is the 
“Muséum d'Histoire Naturelle,” and it is a magnificent establishment, 
devoted to the culture of every branch of scientific knowledge connected 
with the earth and its inhabitants. It has been rendered illustrious by 
the learned labors of Buffon, Cuvier and a host of other distinguished men, 
Besides the grand galleries of Anatomy and Botany, there is a magnifi- 
cent gallery of Mineralogy and Geology, all of them situated in a beau- 
tiful garden devoted to the Horticultural, Botanical, and Zoological part 
of the establishment. There are lectures delivered gratis, upon Chemistry 
by Frémy, Electricity by Becquerel, Geology by Cordier, Mineralogy by 
Dufrénoy, and on other subjects by men equally celebrated, such as D’Or- 
bigny and St. Hilaire. And for the purpose of giving a more thorough and 
complete sort of instruction than can ever be conveyed by ordinary lee- 
tures, the “Cours Pratiques d’Histoire Naturelle” have been established, 
or “ Repetitions de Minéralogie, de Geologie, de Botanique, et de Zoologie, 
avec manipulations et nombreux exercises 4 l'aide d’instruments ¢ 
d’echantillons,” with charges for the whole of the four courses $25, 
for one set of lectures $6, for more than one $5 each. Or should the 
student wish for more special instruction still than this, he can obtain it 
on any branch of Natural Science for 5/fr. or $1 per lesson from any of 
the Assistants at the Jardin des Plantes, accompanied with the free use 
and examination of instruments and specimens, and what perhaps is of 
more advantage, a thorough initiation under their eye into all the curios- 
ities and treasures of these vast beautiful and costly collections, in many 
respects probably the most complete that can be found. It will be seen 
therefore by the student, that in Paris, he can have the command of all 
possible advantages for the prosecution of scientific studies, most of them 
gratis, and the rest at a moderate price. To this should be added the 
immense advantage of the attainment of the French language, and what 
is of more consequence, an opportunity of seeing the practical working of 
the French government, at the present moment a perfect despotism, but 
controlling a people who are the most democratic in the world, and also 
of gaining an insight into the complicated system of European politics, 
unfortunately so little understood in America, but which it is of no small 
importance to every American citizen to comprehed. 

Should more particular information be wished in regard either to the 
Museum of Economic Geology, London, or the Jardin des Plantes, at Paris, 
it can be obtained by addressing Mr. Trenham Reeks, Museum Economic 
Geology, Jermyn St., London, or Messrs. Charles D’Orbigny and J. A. Hu- 
gard, “ Galerie de Mineralogie du Muséum d’Histoire Naturelle at Paris,” 
all of whom are exceedingly obliging and affable gentlemen. __1. BR. P. 

6. Geographical Society at Paris, (Ath., No. 1485.)—The Geographical 
Society at Paris, in its first annual meeting for 1856 (which took place 
on the 5th of April), awarded its prize for the most important discovery 
during the last year to Dr. Heinrich Barth. The next prize, of a golden 
medal, was adjudged to Mr. E. G. Squier, of the United States, for his 
Central American researches.-A great deal of interest was created by 
the reading of a ietter from M. de Bonpland to one of the members. 
The Nestor of French travellers and naturalists announces in it his inten- 
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tion to return to Paris and to his old lodgings in the Rue du Mont Tha- 
bor,—only, however, in order to deliver to the Museum his collections 
and manuscripts, and then to return forever to his plantation in Uruguay. 
M. de Bonpland is now eighty-three years of age. 

7. A Table showing the times of opening and closing of the Mississippi 
River, the first and last arrival and departure of boats, the number of 
arrivals, &c., for the years 1837 to 1855, inclusive; by T. S. Parviy, 
Muscatine, Iowa. 


2 
18 
2 | & 3 z 
1837 | Dec. 7. Jan. 30, 1838 \Dec. 9. 
1838 |Mar. 24.| Mar. 30.)Nov. 10.,\Dec. 4, 53 |Mar. 30./Nov. 7. 
1839 |Feb. 20|\Mar. 8.|Nov. 24. Jan. 15,1840) 78 |Mar. 11./Dec. 11. 321 38 
1840 |Feb. 29.|Mar. 1.)Nov. 22.|Dec. 31. 45 |Mar. 3.|Nov. 25. 339 35 
184] |Mar. 1.|Mar.13.|Noy. 27. Jan. 3, 1842) 60 | Mar. 15.|Dec. 20. 314 29 
1842 |Feb. 28.|Mar. 3.|Nov. 18.|Nov. 26. 56 |Mar. 5 Nov. 23, 420 39 
1843 |Apr. 8.|Apr. 16.|Nov. 30.\Jan. 23, 1844}133 | Apr. 12.|Nov. 27. 449 36 
1844 |Feb. 23.|Feb. 27.|Nov. 24.| Dec. 27. 31 |Feb. 29.|Dec. 8. 610 34 
1545 |Feb. 18.|Feb. 22.|Nov. 26.|Dec. 1. 52 |Feb. Nov. 26. 630 37 
1846 29.|Feb. 8.|Nov. 26. Jan. 6,1847| 72 |Feb. 8.\Dec. 2. 620 33 
1847 |Mar. 19.|Mar. 23.|Nov. 26.\Dee. 15. 62 |Mar.25./Nov.27. | 605 
1848 |Feb. 16.|Mar. 1.)Nov. 9.|Dec. 15. 60 |Feb. 23.|Dec. 3. 580 to Oct. 
1849 |Feb. 13.\Feb. 17.|Dec. 6.|Dec. 17. 60 |Feb. 14.\Dec. 6. 649 
1850 |Feb. 19.\Feb.23/Dec. 3 \Jan. 30,1851) 63 |Feb. 27./Dec. 2. 
1851 |Feb. 21.|Mar. 9|Dec. 13.|Dec. 16. 22 |Feb. 26. Dec. 12. 672 
1852 |Feb. 24.|Mar. 8.|Nov. 19.|Dec. 18. 70 |Mar. 5.'Dec. 13. 714 
1853 |Feb. 25.|Mar. 3.|Dec. 2.|Dec. 31. 69 |Mar. 7.\Dec. 11. 758 
1854 |Mar. 1.|Mar. 5./Dee. 5. Jan. 22, 1855) 60 |Mar. 5. Jan. 19, 1855) 1064 
1855 ‘Mar. 7.'Mar. 30.!Dec. 10.'Dec. 26. 49 'Mar. 14. Dec. 15. 1359 


8. Chemical Technology or Chemistry in its applications to arts and 
manufactures ; by Dr. Ronaxps and Dr. Tuomas Ricnarpson ; 
with which is incorporated Dr. Knaprr’s “Technology” illustrated with 
four hundred and thirty-three engravings on wood and two colored and 
four plain plates. 2d Ed., vol.i; in two parts containing Furi anp 17s 
Arptications. H. Bailliére: London and New York, 1855.—We have 
before taken pleasure in calling the attention of our readers to the Library 
of Illustrated Standard Scientific works of M. Bailliére. This edition of 
Drs. Ronald’s and Richardson’s work on Fuel and its applications is in 
fact a new book. The general order of the subjects discussed is un- 
changed ; but the quantity of new matter introduced and the important 
public interest attached to the discussion of various questions, (especially 
those connected with the most economical applications of fuel, and the 
production by the destructive distillation of bituminous coal, shales and 
other fossil fuels of valuable illuminating and lubricating oils,) will give 
this edition of the Chemical Technology a wide circulation. With the 
design of giving great fulness to all American facts on these subjects it 
is to be regretted that the authors had not possessed themselves of the 
most recent sources of information. Thus in their statistics of the coal 
trade and distribution in the United States, the first edition of Taylor ap- 
pears to have been their authority, and no reference is made to the Re- 
ports of Sir Chas. Lyell and Prof. Wilson to Parliament on the results of 
the Royal Commission sent to the United States in 1853, from which 
fresh facts of much importance could have been gleaned. In spite how- 
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ever of these and similar deficiencies, this work is by far the most full, 
scientific and satisfactory exposition of the subjects of Fuel and Illumin- 
ation to be found in any manual, and its mechanical perfections add 4 
great claim to its real merits. ; 

9. Western Academy of Natural Sciences, Cincinnati, O.—Officers 
for 1856.—President, U. P. James.— Vice President, Geo. Graham.— 
Recording Secretary, J. D. Caldwell—Corresponding Secretary, Robert 
Clarke-—— Treasurer, Walter Patterson Librarian, H. C. Grosvenor.— 
Curators.—U. P. James, H. C. Grosvenor, Robt. Clarke, 8. T, Carley. 

10. American Association for the Advancement of Science——The next 
meeting of the Association will be held at Albany, New York, commene- 
ing on Wednesday, the 20th of August. The officers for the ensuing 
year are, Prof. James Haut of Albany, President, Dr. B, A. Gould, Gen- 
eral Secretary, Dr. A. L. Elwyn, Treasurer, Prof. Joseph Lovering of 
Cambridge, Permanent Secretary. 

The volumes of the Proceedings for the meetings at Providence and 
Cleveland have been recently issued by the Permanent Secretary. 

11. Mantell’s Medals of Creation —The edition of this valuable work 
which Dr. Mantell had nearly made ready for the press when he died, has 
been issued by his son, in two volumes duodecimo. 

12. Transactions of the Connecticut State Agricultural Society, for the 
year 1855. 350 pp. 8vo. Hartford, 1856. 

13. The Art of Perfumery, and Method of obtaining the Odors of 
Plants, by G. W. Sertimus Prssse, is the title of a small manual which 
appears to be carefully prepared—containing numerous processes and 
recipes. Philadelphia: Lindsay and Blakiston, 1856. 


Osrrvary.— Death of Dr. James G. Percival_—Died on the 2d of May, 
1856, at Hazel Green, Wisconsin, in the 61st year of his age, Dr. James 
Gates Percrvat, eminent as a poet, scholar and philosopher. 

He was born in the village of Rantnagin, in the town of Berlin, in 
Connecticut, Sept. 15, 1795. At an early age he manifested the poetical 
ability and — intellectual power for which in after life he was 
so distinguished. He entered Yale College in 1810, but on account of 
ill health he did not graduate until 1815. During his collegiate course 
he was eminent for scholarship, although he devoted much time to general 
studies and to the cultivation of his poetical powers. He studied the 
profession of Medicine, receiving his degree of M.D., in 1820, but he 
never engaged in the practice. itis first volume of poems was published 
in 1820; his last in 1843. His verse shows great force and freshness of 
expression, a fertile imagination, and remarkable rhythmical skill. Many 
of his songs have taken permanent rank in American literature. Chiefly 
as a poet will he be remembered, but we must here speak of him in 
other relations. 

In 1824 he was for a short time in the service of the United States as 
Professor of Chemistry in the Military Academy of West Point, and 
subsequently as a surgeon connected with the recruiting service at Boston. 
But he preferred solitary study, and gave himself to philological and 
historical researches, and to general literary pursuits. Having great 
readiness in acquiring languages, he soon ian a critical mT in 
most of the modern European tongues, and composed verses in many of 
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them. In 1827 he was employed to revise the manuscript of Dr. Web- 
ster’s large Dictionary, and to this work he rendered a service much more 
important than is commonly supposed. He was from time to time en- 

ed in various literary labors, as editor and translator. Among the 
works which he published may be named a revised translation of Malte 
Brun’s Geography, and a Sketch of the Varieties of the Human Race and 
their linguistic relations, a tract drawn chiefly from the Mithridates of 
Adelung and Vater, and printed in 1831. Always an ardent lover of 
nature, and fond of out-door explorations, he combined with his literary 
pursuits, the study of natural history and geology. In 1835 he was 
appointed in conjunction with Prof. C. U. Shepard, to make a survey of 
the geology and mineralogy of the State of Connecticut. Dr. Percival 
took charge of the general geology, and explored the whole state thor- 
oughly and minutely on foot. He collected materials for a report so full 
and extensive that it was thought inexpedient to offer the whole for pub- 
lication, and he consequently presented only a brief summary thereof. This 
Report was issued at les Haven, in 1842, im an octavo volume of 495 
pages, accompanied by a geological map. The work is prepared with great 
minuteness and precision of detail, but in a manner too much condensed 
to be very attractive or popular. 

He spent the summer of 1853 in the service of the American Mining 
Company, in exploring the lead mines of Illinois and Wisconsin, and 
gave such satisfaction to the inhabitants of that region, that the next 
year he was offered a commission as State Geologist of Wisconsin. His 
first annual report on that survey was published at Madison, Wisconsin, 
in January, 1855, in an octavo volume of 101 pages. The larger part of 
that year he also spent in the field. While engaged in preparing his 
second report in January, 1856, his health began to fail, and after a few 
months of decline, he passed away. 

Dr. Percival possessed intellectual faculties of a very high order, and 
few men have exceeded him in variety and exactness of learning. 


The late Dr. John C. Warren.—Dr. Joux WARREN was born 
August 1, 1778, and was the oldest of ten children. He graduated at 
Cambridge in 1797, at the age of 19. In 1806, when only 25 years 
of age, and soon after the completion of his medical studies, he was 
appointed Adjunct Professor of Anatomy and Surgery at Harvard Col- 
lege, and in 1815 he succeeded, upon the death of his father, to the full 
professorship (Hersey Professor of Anatomy and Surgery), the duties of 
which he discharged with eminent ability and success during the period 
of 32 years. He retired in 1847 from his post as Hersey Professsor of 
Harvard College, when he had completed his 70th year. 

He was also for several years President of the Massachusetts Medical 
Society, and was at different times honored with complimentary diplomas 
by the Academy of Naples, the Medical Society of Florence, the Medico- 
Chirurgical Society of London, the Academy of Medicine at Paris, and 
several other foreign learned and scientific associations, besides many in 
this country. At the time of his death he retained his position and 

mptly discharged the duties as President of the Boston Society of 
atural History, which institution sustains in his death no ordinary loss. 
Since his retirement from the active duties of his professorship in 
Harvard College, Dr. Warren has devoted himself to the study of the 
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natural sciences, with a zeal quite unparalleled at his advanced age. His 
museum of specimens in comparative anatomy, osteology and paleontolo- 
gy. including probably the most perfect specimen in existence of the Mas- 
todon giganteus, is undoubtedly one of the richest private collections in 
the world. A few years since, when already passed that age named by 
the psalmist as the period of human vigor, he prepared and published his 
great work upon the Mastodon of this country. This he issued at his 
own personal expense, and gratuitously distributed copies of the work, in 
the elegance and costliness of which he spared no expense, to the scien- 
tifie men and institutions, both of this country and Europe. 

Within a few weeks of his death, which occurred on the 4th of May, 
1856, he issued a second and enlarged edition, which has been offered 
for sale at a price that will hardly meet the cost of its publication.— Boston 
Atlas, May 5th, 1856. 


Daniet Suarpe, Esq.—Mr. Sharpe, one of the most active members 
of the Geological Society of London, died at the close of May last. His 
death was owing to a fall from his horse, in which he fractured his skull. 
—Letter from Sir R. I. Murchison, dated June 6, 1856. 


Proc. Acap. Nar. Sct. Partapzrpara, Vol. VIil, No. II, 1856.—p. 63 and 81, Descrip- 
tions of new species of Mollusca from the Cretaceous formations of Nebraska Terri- 
tory: F. B. Meek and F. V. Hayden.—p. 72, Notices of remains of extinct Reptiles 
and Fishes from Nebraska Cretaceous formation; J. Leidy, [cited in this Journal.]— 

. 718, Notice of a new genus of Encrinite—Eleutheocrinus, with a plate; B. Ff. 

hhumard and L. P. Yandell, {cited in this Journal, p. 120.J|—p.'/7, Reptilian re- 
mains in the New Red Sandstone of Pennsylvania; /. Lea.—p. 79, On a new sub- 
genus of Naiades, and on a new species of Triquetra; J Lea.—p. 80, Description 
of new fresh-water shells from California; J. Lea.—p. 88, Remains of extinct Mam- 
malia from Nebraska; J. Leidy, [species enumerated, this Journal, p. 120.]—p. 92, 
a pee of twenty-five new species of Exotic Uniones; J. Lea—p. 95, Descrip- 
tion of a new Snake from Illinois, R. Kennicott—p. 96, Description of several 
~ genera and species of fossil fishes from the Carboniferous strata of Ohio; J. 8 

ewberry. 

Proceepies or tar Boston Soo. Nar. Hist., Vol. V.—p. 307, On the blood ofa 
person who died from taking chloroform; C. 7: Jackson.—-p. 309, Genito-urinary 
organs of the Boa Constrictor; J. NV. Borland—p. 314, On the ehemical compos- 
tion of the Serpentine marbles known under the name of Verd Antique; C. 7: Jack- 
son.—p. 319, On the variations of ozone in the atmosphere; W. B. Rogers.—p. 321, 
Note on the short-eared owl, here named Brachyotus Cassinii; 7: M. Brewer—p. 
321, Notice of a paper on the Mycology of Massachusetts ; C. L, Andrews.—p. 325, 
Contributions to New England Mycology (containing a list of known species); C. J. 
Sprague—p. 333, On a new water-filter; C. 7. Jackson—On salt-petre earth of 
caves; A. A. Hayes, W. B. Rogers—p. 335, On the formation of Stalactites; C. 7. 
Jackson, W. B. Rogers. 

Proc. or THE Extiorr Socrery or Narurat History, 1856.—p. 6, Deseri tion 
with figures of six species of Porcellana inhabiting the eastern coast of North 
America; by L. R. Gibbes—Dr. Gibbes in this paper has cleared up the synony- 
my of Porcellana galathina of Bosc, and figured a specimen. He describes and fig- 
ures also P. macrocheles and magnifica, armata, and ocellata, previously described 
by him in the Proceedings of the Amer. Assoc., iii, 190, 191, 1850, and P. sociata of 
Say. The species referred to P. Boscii by J. D. Dana he regards as new and names 
P. Dane—p. 21, Descriptions of new Balani from the Eocene Marl of Ashley 
river, South Carolina; 8. Holmes. 

Proceepines or tae Essex Instirore—p. 201, Catalogue of the Birds of Essex 
Co., Massachusetts, by Mr. F. W. Putnam. According to the Catalogue, there are 
235 species (96 genera) of birds of the county thus far ascertained, 10 species acci- 
dental visitors, and 48 species of birds known to have been found in the State, but 
not in the county; making in all 293 species and 109 genera. 
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